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First of all I wish to thank the Fellows of the Indian Botanical Society 
for the privilege given to me to address the Society as its President. 
I am deeply conscious of this honour. 


The subject I have chosen to speak to you today is ‘“‘ The Effect 
of the Himalayan Uplift on the Genetic Composition of the Flora of 
Asia ”’. 

The explanation of the present distribution of plants in any region 
of the world is based on the history of their past habitats, which include 
the geological history of the earth’s surface—the history of its land and 
seas and mountain ranges—former land connections, the movement of 
glaciers and the existence of ice-sheets not to mention the climatic 
changes brought about as a result of all these. The choice of my sub- 
ject presupposes that I have a knowledge of all these, as well as of the 
past and present flora of Asia. I must admit that my knowledge is 
very limited. I hope you will, therefore, forgive me if I am able to only 
touch the outer fringes of this vast topic. A great deal of data remains 
yet to be gathered before we can have a clear picture of the effect on 
plant life of the tremendous revolution which created the highest chain 
of mountains across Asia. 


We now know that this earth of ours is a very old body. It is 
nearly 3,500 million years old according to the latest calculations from 
the rate of decay of radioactive minerals and the study of isotopes of 
elements found in Archean rocks. Periods of mountain building 
followed by Ice Ages have been the fate of our earth from very early 
times. This was followed by the regression of ice, erosion, resulting 


finally, in aridity and desert conditions. Evidence of this recurring 


cycle can be clearly seen in the rocks of every geological age (Wadia, 
1955). 


* Presidential Address delivered at the Annual Meeting of the Indian Botanical 


Society held at Bombay on 3rd January 1960. 
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Ice Ages are great testing times for organisms and since the dawn 
of life, our Earth has emerged from every Ice Age with something new 
and startling. The last Ice Age, which occurred only a million years 
ago, saw the advent of Man, while the great Ice Age of the Permeo- 
Carboniferous probably laid the foundation for the origin of seed plants, 
which made possible at a later age for the rise of warm-blooded 
mammals and finally Man himself. 


We know that for millions of years the great Paleozoic Sea known 
as the Tethys separated the southern continent Gondwana, from. the 
northern, Laurasia and received the sediments brought by the rivers 
of both these land masses. We also know that in Paleozoic times, two 
distinct floras were developed on these two land areas. The present 
distribution of fossils of this period gives us a clue of the extent of these 
two continents. The Glossopteris flora associated with Gondwana- 
land is today found in such widely separated regions as Australia, South 
America, Africa and Peninsular India, that this fact alone may be con- 
sidered as a proof for either the subsidence or movement of continental 
blocks which once formed part of Gondwana. To Birbal Sahni and his 
School of Paleobotanists, the world in general and India in particular 
is indebted for the elucidation of the history of plant life of the 
Gondwana period (see B. Sahni, 1936). 


Flowering plants appeared on the earth about 160 million years 
ago. When first seen as fossils in the Cretaceous they were found to 
be as developed as they are today, so that, their origin is still shrouded 
in mystery. Considering the world as a whole, the Cretaceous was 
probably the age of the greatest submergence of the earth’s land surface. 
With this great spread of seas, the climate of our earth was mild and 
equable. Upper Cretaceous rocks preserve even in high latitudes 
abundant remains of land plants belonging to genera now restricted to 
warm temperate or subtropical regions. Amongst these are figs, cinna- 
mons, laurals and magnolias. The Tethys was a great highway for the 
transporting of the warmth of the tropics to the arctic zone and along 
the estuaries of its rivers grew the palm Nipa now found in the tidal 
swamps of India, Burma and the Andamans and the water chest nut 
Trapa, flourished in the basin of the Thames. 


The transformation of the sediment of the Tethys into the mighty 
Himalayan range was ushered in by a period of great earth movements 
in the Mesozoic, which were responsible also for the breaking up of 
the southern continent of Gondwana into its fragments which now 
form Africa, South America, Peninsular India and Australia. Thus 
we may rightly exclaim with due apologies to the poet: 


“There grows the tree where rolled the deep. 
O earth what changes has thou seen 
There, where the snow caps rise has been 
The stillness of the Central sea.” 


The rise of the Himalayas has been described as “a great buckle in 
the earth’s crust which raised the Central Asian plateau in late Tertiary 
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times, folding over in the Baikal region in the north against the solid 
mass of Siberia and curling as a great wave on the south against the 
firmly resisting mass of the Indian Peninsular ’’. 


The main folding took place in Tertiary. The great outflow of 
the Deccan trap was followed by a depression to the north and west, 
and the sea in Eocene times spread over Rajputana and the Indus valleys 
as well as invading the area now known as Assam. Then followed a 
rise of land and subsequent retreat of the sea. Freshwater deposits 
which covered the marine strata were involved in this movement as 
fast as they were formed till the sub-Himalayan zone deposits, not older 
than Pliocene were tilted up and overtured in the great folding. The 
final rise of the Himalayas in late Tertiary was accompanied by move- 
ments which gave rise to the Naga Hills and Arakan Yoma in the East 
and the hills of Baluchistan and Afghanistan in the West. 


This briefly is the sequence of events during the formation of the 
mightly Himalayan range. A downward thrust from the north and 
a southern resistance to this thrust, resulted in the bending of the 
Himalayas in the Assam corner and less markedly in the north-west 
region. The direct effect of this great upheaval was the annexation 
of Arabia, which is a bit of Africa and of Peninsular India to the main- 
land of Asia, in other words the expansion of Asia geographically and 
floristically. Nearly all the important families of flowering plants 
were differentiated before the Himalayan uplift and a study of the deve- 
lopment of the post-Himalayan flora of Asia may be established on the 
basis of the different modes of investigation which the present state of 
our knowledge places at our disposal. 


- Said Darwin in 1857 “no one ought to feel surprise at the much, 
remaining as yet unexplained on the origin of species if we make due 
allowance of our profound ignorance on the mutual relations of the 
inhabitants of the world at the present time, and still more so during 
past ages”. Even as he wrote this, in a quiet monastery in Austria 
a monk was experimenting on two varieties of garden peas, one tall 
and the other a dwarf, to study the mutual relationship between them. 
From these experiments Mendel discovered the random segregation of 
what he called ‘‘ elements’, now known as “ genes” whose variation 
controlled characters like colour and height and are responsible not only 
for the similarity existing between organisms but also for their differ- 
ences. Mendel’s discoveries were contrary to the prevailing thought 
of the day and probably for this very reason, his great experiments 
remained hidden in the proceedings of an obscure journal until they were 
rediscovered in 1900. 


What the effect on the scientific thought and attainment of the 
19th century would have been if Darwin and Mendel had met, as Darwin 
and Hooker and Lyall had met and discussed the causes of variation 
in plants and animals is hard to imagine. 


For over 50 years men of science wrangled about the “ Evolutionary 
theory” of Darwin without finding the true answer to the causes of 
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variation which Darwin wrote about and which Mendel explained. , 
The immense amount of experimental studies on inheritance of charac- 
ters based on the work of Mendel and the discovery that chromosomes 
constitute the mechanism of this inheritance has been the outstanding 
contribution of the first quarter of the present century. Looking back 
on the last 30 years, further discoveries relating to the structure and 
behaviour of chromosomes, their constancy and variation in different 
plants, species and genera and the relationship between chromosome 
variation and external morphological character, has brought to light 
the evolutionary sequence of families of both the plant and animal 
kingdoms as well as the relation between wild and cultivated plants. 
It has explained the origin of many of our crop plants from more simple 
ancestral forms by hybridization or chromosome doubling or by a com- 
bination of both these processes. The method of chromosome analysis 
can be employed in tracing the race history of a genus in time and space 
or in tracing the evolution of a flora. The study of a few genera in a 
particular land surface can give us the trend of development of the 
entire flora and I propose to use this method to present briefly the 
genetical changes seen in a number of genera of Asian plants which 
came into contact with the Himalayan uplift. 


There are indications that the Himalayas are probably still rising 
and the effect of recent elevation is reflected not only in the change of 
plant communities as was shown by the study of Pleiostocene fossil 
flora in the Karwas of Kashmir by Puri (1946) but also in the change 
in the chromosome complex of certain genera which constituted the 
flora of Asia before the Himalayas attained their present height. 


We know that all polyploids must have ultimately arisen from di- 
ploids except in the rare cases of reversal by parthenogenesis. Hence 
the path of polyploidy can be considered as the path of evolution of new 
species. Amongst the many species of fossil Magnoliaceae which have 
been identified with living plants, Seward (1926) mentions Magnolia 
thomasianum as closely agreeing with M. globosa of Tibet, while Reid 
and Chandler (1933) consider the fossil seeds of Magnolias found in the 
London clay as being very closely related with the present-day species 
M. nitida of Yunnan and Magnolia parviflora of China. When these 
so-called “ Living fossils” were examined cytologically I found them 
all to be diploids (2 n = 38). They also belong to a group of Magnoli- 
aceae with “ introse ’’ dehiscence of anthers which the systematic botanist 
considers as more “ primitive”. In the case of the more advanced 
deciduous type with ‘ extrose”’ dehiscence those from North China 
and Japan and Korea with small flowers were found to be diploids while 
8 species from Upper Burmah, Nepal, Sikkim, Yunnan and Szechuan 
the provinces adjoining to the Eastern Himalayas were found to be 
hexaploids (2n= 114) (Janaki Ammal, 1952). These include the 
magnificent large flowered Magnolia campbelli of Sikkim and Nepal 
Himalayas and the even more magnificent M. mollicomata of Yunnan. 
Thus ployploidy in Asian Magnolias is restricted to the deciduous 
Sino-Japanese types which have migrated along the Himalayas into 
India. All the evergreen species of Magnolia and the related genera 
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Michelia, Talauma and Mangleitia have remained diploids in the more 
humid tropical regions of Assam and Malaya. 


The phenomena of high polyploidy in regions close to the glaciers 
of the Eastern Himalayas have been noticed in several other genera 
of plants including the Camellia, Honeysuckles, Buddleias, Viburnums 
and Rhododendrons. In these genera high polyploids occur in the 
region where the Himalayas bend over the plateau of Assam. This 
may be considered as a region of active speciation today. That such 
a region of active speciation also exists in the North-Western corner of 
the Himalayas is becoming more and more evident from the study of some 
of the medicinal plants of this region in particular in species of Artemisia 
(Sobti, unpub.) in which tetraploids have been noted from this part 
only. 


The difference in the climates of North-Western and North-Eastern 
Himalayas—one cold and dry and other cold and humid—probably 
accounts for the difference in the rate of speciation by polyploidy in 
these two areas. In the Assam corner due to bending of the Himalayas, 
there is also a meeting of the Chinese and Malayan floras which 
probably encouraged hybridization and thus has contributed to the 
richness of the flora of this region. 


The production of unreduced gametes as a result of extreme cold 
is responsible for the occurrence of triploids in regions subject to cold 
speils. A certain number of natural triploid seedlings have been often 
reported when seeds collected from high mountain ranges are germi- 
nated. This has been the case in Viburnums and Rhododendrons. 


In nature, triploids are the source of what may be called ‘‘ chromo- 
some contamination”’. This is due to the formation of gametes with 
more than the normal complement of chromosome in triploids. When 
crossed back with the original diploid species these triploids or their 
progenies give rise to races with higher chromosome numbers. These 
eventually can result in species with different basic numbers. 


In Viburnum the living species most closely related to fossil types 
and thus considered primitive are those with paniculate inforescence. 
These are distributed in North Asia, Japan and the Himalayas and also 
in the mountains of Peninsular India. They have a basic chromosome 
number x = 8. The more widely distributed species of Viburnum 
which are found throughout the Northern Hemisphere today have a 
basic x = 9. We may consider the former with the lower numbers x = 8 
as being endemic relics in the same manner as 8-chromosome Primula 
of Central China (Stern, 1949). Unlike Primulas the 8-chromosome 
form of Viburnum has many polyploids in South-East Asia. One 
such is Viburnum erubescens 2n = 48 which must have, during pluvial 
times, migrated from the Himalayas to the Hills of Southern India 
where it occurs in isolation today. Repeated hybridization between 
diploid and triploids have resulted in even higher basic chromosome 
number (x = 10) in Viburnum. These are found in close association 

with x = 8 type both in China and India (Janaki Ammal, 1953). 
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For the study of the effect of altitude on speciation in Himalayan 
plant, we turn to the genus Rhododendron which has a wide distribu- 
tion chiefly along mountains in the Northern Hemisphere. There are 
about 1,000 species in this genus. In Asia the greatest concentration 
is in China with belts extending into Tibet, Bhutan, Sikkim, Nepal 
and Assam. 


Rhododendrons fall under three groups :— 


The deciduous Azalias; “ Lepidotes”’ with stellate scaly hairs 
and the simple-haired ‘non lepidotes”” which Hutchinson considers 
as being the most “ primitive’ and related to the Dilleniaceae from 
which he considered Rhododendron to have been descended. All 
non-lepidotes are diploid (2m = 26). Lepidotes are found in altitudes 
up to 18,000-in the Himalayas and are often the last vestiges of flower- 
ing plants in these regions. Polyploids are found only in the lepidote 
section in Asia and polyploidy is confined to those species distributed 
in the Eastern Himalayas (Janaki Ammal, 1950). It is interesting 
to note that one species R. /apponicum which is circumpolar has remain- 
ed a diploid! 


The most prevalent type of polyploidy found in Rhododendron 
was the tetraploid (2 = 56). The beautiful R. cinmnabarium of Sikkim 
and its related species R. concateucens of Assam are hexaploids 
(2n = 78). The Rhododendrons of Sikkim and Bhutan, Assam and 
Northern Burma are in fact markedly devoid of tetraploids; hexaploids 
and diploids being found in association sometimes within the same species. 
This is especially common in the Lapponicum series which inhabit 
the high mountains of Tibet, Yunnan and Szechuan. R. idoncum of 
Yunnan and R. flavidum of Szechuan and Tibet are good examples. 
More polyploids than diploids were found in the 2 series—Lapponicum 
and Triflorum. This group of hardy mountain plants have adapted 
themselves to life on high altitude by polyploidy. 


_ Unlike many other genera of plants Rhododendrons decrease in 
size as they increase in polyploidy. I quote Kingdom Ward who knew 
Rhododendrons intimately in the wild “the highest alpines do not 
flower before June by which time enough snow has been melted to 
expose them”. In general I have noticed within each series that the 
earliest flowering species are diploids and the later ones tetraploids. Thus 
polyploidy has been one of the ways in which Rhododendrons have 
been able to combat the inclemancy of altitude. They literally climb 
higher, by increasing their chromosome number and survive by the 
late flowering associated with polyploidy. The presence of diploid and 
hexaploids and the association of triploids in the same vicinity seem to 
point out that hexaploid are derived from diploids by the doubling of 
chromosome of a triploid. This. phenomena is found not only in 
Rhododendron but in other plants of the Himalayas. You will recall 
that the deciduous magnolias of Japan and China are diploids while 
those of Sikkim and East China are hexaploid. Hexaploids are also 
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aan in Camellia in close proximity of diploid species (Janaki Ammal, 
1952). 


One of the effects of the Himalayan uplift was to cut away 
the moisture bearing winds of the Indian Ocean from penetrating into 
the heart of Asia. While the glaciers of the Ice Age lasted, abundant 
water was available from the melting of ice in Summer. As the deep 
glaciers receded the mountain streams dried up or were lost on their 
way to the northern rivers so that what was once wooded forest became 
the bleak desert of Gobi and Lop-Nor. Tree trunks buried in the sand 
have been discovered by travellers. Amongst them are those of 
mulberries. The genius Morus to which mulberries belong may be 
considered as a typical East Asian genus. As fodder plant for the 
silkworm the diploid species Morus alba and M. indica (2n = 28) 
have been widely disseminated in all countries of Asia from very early 
times. Only one species M. rubra is indigenous to America and this 
resembles the Siberian form of M. alba and has the same chromosome 
number 2 n = 28. 


Morus nigra the black mulberry has the distinction of having the 
highest chromosome number in flowering plants (2 n = 308 = 22 x)— 
Persia is recorded as its original home. The origin of such a high poly- 
ploid surrounded by diploid species remained a genetical puzzle till the 
missing links in its chromosome history was found in Morus cathyana 
of Central China with 2n=56, 84, 112 (Janaki Ammal, 1948). 
Today the distribution of Morus nigra and M. cathyana is broken by the 
deserts of Lop-Nor and Gobi and the tree trunks buried in the sands 
give evidence of past continuity. The ancient silk route across Asia 
through which the black mulberry was introduced from China to Persia 
also passes through this territory. 


I have dealt with the race history of only a few genera of Asian 
plants associated with the Himalayas. A fuller picture of the effect 
of the Himalayan uplift on the genetic composition of the flora of 
Asia will be revealed when cytogeographical studies are extended 
to cover more genera of Himalayan plants. 
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PHYSIOLOGICAL STUDIES ON RICE* 


By P. PARIJA 


Cuttack 


EveR since the idea of vernalisation was enunciated, many workers 
have studied this aspect of plant physiology utilising various plants, 
especially crop plants as the material for experimentation. It is not 
proposed to recount the results of these researches here, as botanists 
in general and plant physiologists in particular, are more or less familiar 
with these. 


In rice-growing areas, the rice plants are subjected periodically to 
certain unfavourable conditions like flood, drought and saline water 
inundation during spring tides. It occurred to one whether by any 
pretreatment one could induce resistance against these unfavourable 
conditions. All experiments on pretreatment are based on the principle 
of subjecting the plant in the germinal stage to conditions which it is 
likely to face in mature life so that internal adjustment in the germ may 
create a potentiality of resistance. In order to apply the pretreatment 
technique one must know the possible deficiencies to which the plant is 
subjected during flood, drought and saline water inundation. In the 
case of flood, it was thought that the plant under submersion in muddy 
water suffered from insufficiency of oxygen supply and light and to some 
extent lowered temperature. The deficiencies under drought are dearth 
of soil moisture and atmospheric humidity. The dry atmosphere induces 
a high rate of transpiration, thus bringing about a condition of desic- 
cation in leaf cells. Similarly the injury caused to rice plants in areas 
inundated with saline water is due to high percentage of salts in the 
surrounding water which prevents an adequate uptake of water by the 
root system thus bringing about a condition of physiological drought. 
Hence a scheme was prepared for pretreatment of germinating grains 
with these adverse conditions. 


With the financial aid from the Indian Council of Agricultural 
Research, physiological studies were undertaken in the botanical labo- 
ratory of Ravenshaw College from 1937-46 (Parija, 1938, 1939, 1940, 
1941, 1943 a, 1944, 1945, 1946). In these studies some special problems 
relating to rice cultivation were studied under the following heads :— 


Flood resistance, 

Drought resistance, 

Saline resistance, and 

Breaking of dormancy in winter rice. 


ate eto eS 


* Lecture delivered before the Indian Botanical Society at its Annual Meeting 
at Bombay in January 1960 on the occasion of the 1959 award of the Birbal Sahni 
Medal to the author, 
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1. Flood Resistance 


In Orissa annually nearly half a million acres of rice crop is subject 
to floods and saline inundation in the coastal belt of nearly 200 miles. 
The floods generally come during the period from July to October and 
devastate vast tracts in the coastal belt. In these floods the rice crop 
is subjected to submersion for a period ranging from | week to 3 weeks 
with varying levels of water. After the flood recedes the plants are 
almost buried under the silt from flood-water or sometimes a thick coat 
of silt settles over the plant. Under the prolonged period of submersion, 
the plant tissues become soft, losing their turgidity. After the floods 
recede they are subjected to desiccation and eventually die. Some of 
the local varieties grown in these flooded tracts have shown a better 
stand than the ordinary varieties, though the stand is not perfect by any 
means. Naturally selections were made from these varieties under the 
Rice Research Scheme. They are F.R. 43 B, F.R.44B, F.R.27A, 
F.R. 13 A, etc. (Ramia and Rao, 1953; Anonymous, 1956; Ghose, 
Ghatge and Subramanyam, 1958). 


(a) Anatomy of the stem.—Anatomical studies of these varieties 
along with some of the wild species of Oryza growing in the locality 
were conducted (Parija and Chalam, 1940 a). It was found that in 
some of the promising flood-resistant varieties there was a semi-lunar 
schlerenchymatous band of one or two cell thickness around the cortical 
lacunae of the stem (Text-Fig. 1). Such a band was found to be absent 
in most of the other varieties which had succumbed to floods. On a 


| 


i pean 


a 


APY 


ORO! VAR, 


TexT-Fic. 1. Effect of treating germinating seed for flood resistance, 


Pots were submerged for 24 days under water. N i i 
; Se : ote treating seed with low 
temperature under anaerobic conditions has resulted in some rasistance to submersion 
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thorough search of the other species of Oryza, Oryza coarctata (Roxb.) 
was found to have a similar band around the cortical lacunae of the 
stem. This similarity in the endomorphic character lends support to 
Watt’s (1891) suggestion of the origin of the deep-water rice from Oryza 
coarctata (Roxb.) which commonly grows in the flooded tracts. How- 
ever, from the point of view of flood resistance, this anatomical feature 
gives strength to the plant to resist the bending caused by water current 
during flood. This was substantiated by testing the elasticity of the 
stem. 


(b) Resistance of the stem to bending.—The resistance of the stem 
to bending was measured by clamping an internode measuring 6 inches 
in a horizontal position and measuring the bending at the midpoint by 
adding weights. Results are given in Table I. 


TABLE I 


Resistance to bending of the stems 


2 : Sal 
_,  [Realins|fersabe| attersen | Jot ‘bencing Pyssnce 
Meery Sitiees Ty ae ae econ exe) are Ae ae 
(4) (c) é 
Piedra ty 0-14 12004 |! 0-014. | '0-9961 0-94" | Twocelied band 
| | : present 
FR. 44A  ..| 0-30 | 0-44 | 0-09 | 0-35 | 0-79 | Band present 
F.R. 14 ..| 0°47 | 0-80 | ‘0-21 | 0-59 | 0-73 | Band absent 
F.R. 43 ..| 0°30 | 0-70 0-20 | 0-50 | 0-71 | Band present 
Kania .-| 0-38 | 0-60 | 0-23 | 0-37 | 0-61 Band absent 
FR. 7A .-| 0°60 | 1-10 0-50 | 0-60 | 0-55 | do. 
BR 1Q:A oe. 3|) 0-50" | 0-88 0-40 0-43 0-51 | do. 
F.R. 7B ..| 0-98 | 1-20 | 0-68 | 0-54 | 045 | do. 
FR.27A ..| 106 | 1-63 | 0-92 | 0-71 | 0-48 
E.R. 2 ..| 0-64 | 1-35 | 0-65 | 0-70 | 0-49 do. 
F.R. 13 ..| 2-60 | 3°40 | 2-58 | 0-82 | 0-24 do. 
C.No. 8 ..| 2°90 | 4:30 | 300 | 1-80 | 0-30 | do. 


Table I shows that generally the highest elasticity of bending (0-94) 
was found in a selection F.R. 44 B, where a two-celled sclerenchymatous 
band was present around the cortical lacunae. However, two selections 
F.R, 43 and F.R.14, one with the band and the other. without a 
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band were found to have the same resistance to bending (0-71, 0-73 
respectively). The extent of lignification of the vascular tissue and the 
quantity of hypodermal sclerenchymatous may be determining factors 


in these cases. 


Another interesting point was the occurrence of a strong rhizome 
in some of these varieties particularly in F.R. 43 B with a great capacity 
for regeneration. Even when the whole of the top portion of the plant 
was destroyed, the rhizome regenerated again with secondary tillers 
contributing to 50-60% of the normal yield. 


(c) Inducing flood resistance—Assuming that under submergence 
in flood-water the plant is deprived of oxygen, light and also to some 
extent of normal temperature, experiments were devised to pretreat 
germinating seeds under the following conditions :— 


Treatment 1—Soaked seeds were kept at 4° C. in Kelvinator for 6 days. 


Treatment 2—Soaked seeds were kept in a current of nitrogen for 3 days 
and then kept in a Kelvinator at 4° C. for another 


3 days. 


Treatment 3—Soaked seeds were kept only in a current of nitrogen 
for 6 days at room temperature. 


Treatment 4—Control. 


The treated and control seeds were sown in earthen pots at the rate 
of 4 plants in each under identical conditions of quality and quantity | 
of soil. A submersion tank was built in which the depth of water was 
kept 6 ft. The plants were subjected to different periods of submersion 
of 15, 20 and 25 days at the age of 60 and 85 days because rice plants 
in Orissa generally suffer from floods at these ages. In each set of 
treatment there were 16 plants for each submersion. After the scheduled 
period of submersion the plants were taken out. The survivals 
(Text-Fig. 2) were studied with respect to other quantitative data such as 
the number of tillers surviving, height, condition of the tissues and finally 
their yield. To study the efficacy of the treatment one flood-resistant 
variety F.R.27 A and one ordinary late winter variety, C. No. 3 were 
taken. The results for the year 1943-44 have been published elsewhere 
(Parija and Pillay, 1944). The results for the year 1944-45 are presented 
in Tables II and III. 


A study of Tables II and III brings out the following salient points :— 


Age 60 days.—For a period of submersion 15 days the treatments have 
significant effect on the number of plants survived, 
that is to say, the treatments are significantly better 
than control. At this age the periods of submersion 
20 and 25 days are not suitable, since the great majority 
of plants died, 


PHYSIOLOGICAL STUDIES ON RICE 


TABLE II 


a} 
339 


The survival of plants of variety F.R.27 A submerged at the 


age of 60 days 


Treatments 


Submerged for 


aaa wT Total 
15 days 20 days 25 days 
No. No. | No. No. | No. No. No. No. 
sub- — sur- | sub- sur- | sub-  sur- | sub- sur- 
merged vived |merged vived |merged vived merged vived 


Low temperature 16 13 16 2 16 0 48 15 
Anaerobiosis plus low 16 11 16 4 16 0 48 15 
temperature 5 
Anaerobiosis 16 10 13 0 12 1 41 ll 
Control 16 5 16 0 16 0 48 5 
Total Peg sgh |i dic. 6) 6015 (12) 185 246 
2 =9-12%* 
* Indicates significance at 5% level. 
TABLE II 


The survival of plants of variety F.R. 27 A submerged at the age of 85 days 


Treatments 


Low temperature 


Anaerobiosis plus 


temperature 
Anaerobiosis 
Control 


Total 


low 


Submerged for 


Total 
15 days 20 days 25 days 
No. No. | No. No. | No. No. No. No. 
sub- sur- | sub- sur- | sub- sur- | sub- sur- 


merged vived |merged vived 


merged vived 


merged vived 


16 16 16 15 ll 4 
16 16 16 15 12 8 
16 16 16 16 12 5 
i194 7 16 6 12 0 
Me nao 
eat ae a RE 


43 35 
44 39 
44 37 
40 13 
171 124 


x2 at 5% level = 7:81; x? at 1% level = 11-34. 
* Indicates significance at 5°/ level. 
+ Indicates significance at 1% level. 
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TExT-Fics. 2-5. Stem anatomy of normal and flood resistant types. 
2. Transverse section of normal rice. 
oe 2 *" QO. longisiaminata. 
4. ve ‘ flood-resistant type F.R. 43-b. 
52 af Bs QO. coarctata. 


(SCL.B., Sclerenchymatons band; O.V., Outer vascular bundle: M.V., Middle 
vascular bundle; I.V., Inner vascular bundle.) 


Age 85 days.—Chi-square values for 15, 20 and 25 days periods of 
submersion indicate that the survival of plants is signi- 
ficantly higher in treatments than in the control plants 
for all the periods. But among the treatments, the 
difference does not appear to be significant. The 
periods of submersion also have a significant effect 
on survival. In other words, the survival of plants 
at 15 days submersion is significantly higher than that 
at 25 days. 


The ordinary variety C. No. 3 did not survive at the age of 60 days. 
At the age of 85 days submerged for 15 days the percentage of survival 
under each of the treatments, anaerobiosis and low temperature and 
anaerobiosis alone was 8-33. The plants which survived showed 
certain morphological changes such as the swelling of the leaf-sheath, 
the formation of acrenchymatous tissue, considerable elongation of the 
stem and formation of secondary tillers at the upper nodes. 
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The yield data obtained from the different treated sets of the year 
1944-45 are presented in Table IV. 


TABLE IV 
Yield of grains (gm.) in variety F.R.27 A 


Submerged at the age of Submersed at the age of 
60 days for 85 days for 
Treatments 
15 20 25 15 20 25 
days days days rei days days days foe 
Low temperature ++| 52:56 14:75 0 67-31 77°63 . 42°21 5:24 124-98 
Anaerobiosis plus ; 88°22 6-11 O 44-33 73°57 36°35 10-02 119-94 
low temperature | 
Anaerobiosis ne 49°86 0 3°20 53:06 | 66:28 44-71 6:20 117-19 
Control | 36:75 0 0 36°75 | 25°33 25-75 0 51-08 
Total fe 177-39 20°86 3-20 201-45 | 242-71 149-02 21-46 413-19 


The data in Table IV were statistically analysed and the following 
conclusions were obtained: 


Age 60 days.—The difference between treated and control plants in 
respect of the yield of grains is statistically insigni- 
ficant. 


3 Age 85 days.—The yield of the treated’ plants is significantly greater 
than that of the controls. The yield decreases signi- 
ficantly as the period of submersion is prolonged. 


Thus it is clear from the foregoing results that low temperature, 
anaerobiosis plus low temperature and anaerobiosis alone are superior 
to the control with respect to survival and ‘yield of plants. Between the 
3 pre-sowing treatments, however, there is no appreciable difference in 
survival and yield. - 


2. Drought Resistance 


The problem of drought resistance is a very complex one. A 
drought resistant plant must be equally well adapted to dry condition 
of atmosphere as well as of the soil. According to Maximov (1929), 
the measure of drought resistance is the capacity of plants to endure 
and recover readily after permanent wilting with minimum of damage 
to the plant itself or to the yield produced. The capacity to withstand 
drought is said to depend upon resistance to-3 factors, namely, water 
loss by cells, increased cell temperature and increased salt concentration. 
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The problem of drought resistance in rice is of great importance 
in India, particularly in respect of upland rices, where the water-holding 
capacity of soil is poor. Apart from the methods of breeding to evolve 
drought-resistant varieties, physiological method to induce drought 
resistance was adopted by various workers. Hector in 1927 found that 
the phosphates tend to reduce the transpiration coefficient in rice crop. 
He further finds that in the upland autumn variety of rice the osmotic 
pressure is higher than the transplanted low land varieties. This 
observation is supported by Onodera (1933). 


The method of pretreating the seed with a view to increasing their 
capacity to withstand drought was also tried by many workers. Con- 
currently work on these lines was proceeding in the botanical laboratory 
of Ravenshaw College. Ivanov (1937) worked out a method of sub- 
jecting the soaked seed to higher temperature at 45-49°C. The 
percentage of germination was considered to be an index for the drought 
resistance of the plant. Yamasaki (1929) found that the tolerance to 
toxicity of potassium chlorate differs considerably in varieties and it 
has a close co-relation with drought resistance. The response to toxi- 
city can be utilised to select varieties for drought resistance. According 
to his method the susceptibility to toxicity in low land varieties is more 
than that in upland varieties. 


(a) Transpiration and water requirement studies —In the experiment 
conducted in the botanical laboratory of Ravenshaw College, the method 
of subjecting the seeds to drought during the germinating stage was 
conducted (Parija, 1943; Parija and Pillay, 1945). The seeds were 
soaked in water for 24-48 hours. When the basal portion of the lemma 
near the embryo became translucent the seeds were taken out of water 
and air-dried for 6-8 hours. Then they were subjected to temperature 
of 40-42° C, in an electric oven for 24 hours after which the seeds Were 


TABLE V 
Transpiration, water requirement, grain yield and dry matter values 
for the Dalua (spring rice) variety DJ. 4 


. 


Mean water | Mean water Mean yield of Mean total 
transpired per | requirement grains per plant | dry matter per 
Interval of | plant (gm.) —_ per plant (gm.) (gm.) plant 
watering (gm. ) 


| 
Treated Control ) Treated Control} Treated Control | Treated Control 


8 days ..| 11,245 11,976 986 =1,077 1-21 1-20 | 11-41 11-14 
10 ,, ++} 9,321 9,887 | 988 1,045 1-15 0-64 9-46 9-52 


2A; .-| 8,640 8,898 | 1,086 =1,107 0:60 0-63 8-35 8-15 


C.D. at 5% = 810°4 
C.D. at 5% =80 
C.D; , 


at 1% = 107 
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taken out and sown in pots with weighed quantity of soil and measured 
quantity of water. Even at the time of germination the treated seeds 
germinated earlier than the control, the control lagging behind 72-96 


hours. The seedlings of treated seeds had greater vigour. Then the 
seedlings were transplanted in pots of galvanised sheets with lids. At 
the time of planting the level of moisture was 25-35% of the soil. The 


lids of the pots were sealed with plasticine. The pots were watered at 

intervals of 8, 10 and 12 days. Each time the water lost by transpiration 

was made good by weighing the pot and adding the required quantities 

of water. This was continued till the maturity of the grains. The 
results are presented in Tables V and VI. 


The following conclusions are drawn after the data in Table 'V 
have been statistically analysed. 


(i) Transpiration.—The transpiration of the treated plants is less than 
that of the controls for each of the interval and the 
difference is statistically significant at least for the 
8 days interval. 


(ii) Water requirement.—Treated plants have a lower water requirement 
than the controls for all the intervals, the difference 
being highly significant for 8 days interval. 


(iii) Yield of grains and the total dry matter.—There is no significant 
difference in the yield of grains or the total dry matter 
produced. 


TABLE VI 


Transpiration, water requirement, grain yield and dry matter 
values for the Aman or winter variety—C. No.3 , 


Mean water 
transpired per 
Interval of | plant (gm ) 


watering 


Mean water 
requirement per 
plant (gm.) 


Mean yield of 
grain per plant 
gm.) 


Mean total dry 
matter per plant 
(gm. ) 


Treated Control 


Treated Control 


Treated Control 


Treated Control 


| 
Sdays .., 6,130 6,870 
10228 0. |° 6,870" <7,310 
12 6,210 7,180 


621:6 7U0-0 
661-8 743°3 
624-5  -720+2 


2-93 3°05 
1°89 1-99 
1-98 1°37 


9:94 9-83 
| 10-38 9-84 
9:98 9-96 


Statistical analysis of the data in Table VI bring out the following 


salient points :— 


(i) Transpiration.—The transpiration of the treated plants is less than 
that of the controls for each interval of watering, the 
difference being highly significant at least in 8 and 


12 days intervals. 


Intervals of watering also produce 
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a significant effect in transpiration. The transpiration 
of plants belonging to 10 days interval is significantly 
higher than that of remaining two intervals. 


(ii) Water requirement.—The water requirement of the treated plants 
is very significantly less than that of the controls. 
Intervals also have a significant effect on the water 
requirement. Thus the 8 days interval has a_ signi- 
ficantly lower water requirement than the 10 days 
interval. There does not appear to be much appre- 
ciable difference in water requirement between 8 and 
12 days interval. 


(iii) Yield of grains —The yield of the control plants is higher than that 
of the treated for 8 and 10 days intervals and the yield 
of the treated plant is higher than that of the controls 
for the 12 days intervals, but the differences are insigni- 
ficant. Intervals of watering have a significant effect 
on yield. In both treated and control sets, 8 days 
interval has a significantly higher yield than that of 
10 and 12 days. 


(iv) Total dry matter—The treated plants produce greater dry matter 
per plant than the control ones in all the intervals, 
but the difference, in no case, is statistically significant. 
The effect of intervals of watering on the production 
of dry matter is also insignificant. 


(b) Wilting studies—This experiment was performed with a view 
to testing the capacity of enduring severe wilting by treated and control 
plants, as this forms, according to the Russian workers, the basis of 
drought resistance. For this investigation, treated and control plants 
of uniform size were transplanted in 8 glazed stoneware pots, each pot 
being provided with one treated and one control plant. They were at 
first allowed to grow under normal water-supply. After 60 days from 
the sowing, 4 pots each containing a treated and a control plant were 
left unwatered until they had wilted completely. The remaining 4 pots 
were similarly treated when the plants were 88 days old, the object being 
to study the capacity of plants to withstand severe wilting at two differ- 
ent ages. Finally a record was made of the number of plants which 
survived and the number which died from both the sets. 


RESULTS 


Dalua (Spring Rice) Variety D.I. 4 


The treated plants withstand drought conditions better than the 
untreated within the limits of experimentation. The survival of plants 
when they are subjected to severe wilting is greater and recovery, on 
addition of water, is sooner in treated than in the untreated ones. 


Aman or Winter Variety C. No. 3 


The treated plants are able to survive drought conditions better 
than the untreated. 
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3. Saline Resistance 


On a rough estimate nearly two lakh acres are totally or partly 
inundated by saline water in Orissa (Chalam, 1954). In starting the 
work on saline resistance a thorough survey of the saline tracts of Bala- 
sore, Cuttack and Puri Districts was made. Thirty-nine pure lines were 
fixed from the numerous samples so collected. A testing station was 
established at Sandhakud, about one furlong from the sea, behind a 
sand bank. Saline water through an estuary was used to inundate the 
fields there. 


(a) Anatomical studies —The structure of roots in some of the pro- 
mising salt-resistant varieties was studied and it was observed that the 
exodermis layer in salt-resistant paddy was considerably suberised unlike 
the ordinary ‘sweet’ (non-saline) land paddy. The following tests 
for suberization were made: 


(1) Ten per cent. chromic acid solution was prepared and roots 
of the salt-resistant, flood-resistant and ordinary varieties were kept in 
the solution. Roots of the ordinary and the flood-resistant varieties 
dissolved within 10 hours while those of the salt-resistant varieties did 
not dissolve till nearly 24 hours. 


(2) Transverse sections of different varieties of rice were stained 
with aniline safranin and washed in acid alcohol and transferred to 
70% alcohol rinsing the same till no more colour was discharged. It 
was found that in salt-resistant types the exodermis layer retained the 
stain while all the other tissues gave out the stain. In the ordinary 
varieties it was observed that the sections did not retain the stain in any 
part. 


(3) The caustic potash test also gave the brown colouration in the 
root sections cut from salt-resistant types. 


In view of the findings made regarding the presence of highly 
suberised exodermis in the roots of salt-resistant varieties, experiments 
were designed to find out if suberization of exodermis could be induced 
in ordinary ‘sweet’ (non-saline) land rice with salt-water. For this 
purpose salt-resistant types S.R.14 and S.R.26B and ‘sweet. land 
rice C. No 3, were taken. Seedlings 3 weeks old were’ transplanted. 
Four weeks after transplanting seven weekly irrigations with 200 c.c. 
to 1,200 c.c. doses of 6% solutions were given. Qualitative tests with 
10% chromic acid were carried out. It was observed that the develop- 
ment of suberin was more marked in the roots of plants receiving large 
quantities of salt solution. Sweet land rice when irrigated with salt 
solution also developed suberin in thick roots. 


(b) Chemical studies.—It was observed that ‘ sweet ’ land rice plants 
receiving 800 c.c. of 6% salt solution and above developed yellow patches 
and the plants withered away while in salt-resistant types S.R. 26 B and 
S.R. 14, plants were affected when the dose was increased to 1,000 c.c. 
and 1,200 c.c. respectively. It has been observed in the field trials that 
S.R. 14 stands submergence better under saline water than S.R.26B 
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though the type S.R. 26 B gives very heavy yield on highly saline soils, 
but suffers when sea-water comes in. 


It was, therefore, thought that the chloride content in the shoot, 
root and grains of salt-resistant and ordinary sweet land rice both under 
natural conditions and when irrigated with different doses of saline 
water might give a clue to the peculiar physiological property of the salt- 
resistant types. The results are presented in Table VII. 


TABLE VII 


Chloride content in gm. per 100 gm. of dry matter 


Ordinary variety Salt-resistant variety Salt-resistant variety 
C. No. 3 S.R. 14 S.R. 26B 
Treatment in Sh ob nd : Nts 
Root Shoot Grain | Root Shoot Grain Root Shoot Grain 
Control 0-068 0-42 0-0216 | 60-0530 0-640 0-047 0-0566 0-752 0+0272 


Weekly irrigation with: 
220c.c. 6% salt 0-108 0°63 0-039 | 0-0406 0°538 0043 0-0433 0-620 0-0295 
solution 


400 c.c. 6% salt 0-132 0-83 0-0320 | 0-0330 0-445 0-047 | 0-0506 0-812 0-02465 
solution } 


cut 6% salt 0-160 0:94 0-0003 | 0-0665 0-634 0-0487 | 0-0678 0-914 0-02891 
solution 


1,000 c.c. 6% salt Died Died Died | 0°0560 0-508 0-0340 | 0-0400 1+210 0-0295 
solution 


1,200 c.c. 6% salt cb ; he 0-0520 0-810 0-05:0 Died Died Died 
solution 


A study of Table VII shows that chloride content of grains in 
‘sweet’ land paddy receiving irrigation with salt solution increases 
considerably, while in salt-resistant paddies the chloride content of 
grains in spite of salt solution irrigation does not rise appreciably over 
the control. In salt-resistant type, S.R. 14, chloride content in the con- 
trol is 0-047, while in S.R. 26 B it is 0-027. Chloride content in shoots 
of S.R. 26 B is higher than in S.R.14 and C. No.3. The capacity to 
accumulate greater quantities of salt both in the root and shoot appears 
to be a factor of the mechanism of salt resistance in paddy. Further 
it was observed that as the doses of salt were increased small glistening 
drops exuded on the surface of the leaves. The drops gave a dense 
white precipitate with silver nitrate and saltish to taste. When the 
leaves dried up small shining crystals were visible. 


_(c) An attempt to induce saline resistance: 1943-44.—Seeds of 
uniform size were selected from the varieties, S.R.14 and C. No. ah 
soaked in water for 24-48 hours and the activated seeds were treated 
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for 3 days in 1-7% salt solution. These saline-treated seeds were dried 
in sun for about 4 hours and sown in seedling pots separately along with 
the respective control seeds. At the age of 15 days the seedlings were 
transplanted to cement pots with 4 plants in each pot. When the plants 
had fully established themselves under the new conditions, they were 
irrigated with saline water of different percentages (260 c.c. of 5% salt 
solution, 325 c.c. of 4% salt solution, 435c.c. of 3% salt solution, 
240 c.c. of 5% salt solution, 128 c.c. of 5% salt solution) at definite inter- 
vals. In between the saline irrigation fresh water was added whenever 
necessary. Ten such irrigations were given to all the plants during the 
life period. 


There was no appreciable difference between treated and control 
plants with respect to flowering and yield. But one point which is 
encouraging to note is that fully mature and good seeds were obtained 
from both treated and control plants which were irrigated with saline 
water of different concentrations. 


1944-45.—Seeds of the same two varieties C. No. 3 and S.R. 14 
were used for experimentation this year. Three types of treatments 
were done. 


(1) Seeds from farm were soaked with water and then in 1-7% 
sodium chloride for 3 days and later sown in seedling pots 
side by side with the controls. 


(2) Another set of activated seeds were soaked in 1 Molar solution 
(5-8%) of sodium chloride for 16 hours and then sown in 
seedling pots on the same day as the rest, the object being 
to study whether pretreating with higher concentrations 
of sodium chloride would produce any greater effect in with- 
standing saline conditions. 


(3) Seeds collected from last year’s saline-treated plants were soaked 
in 1-7% sodium chloride for 3 days and these treated seeds 
were also sown simultaneously as above. 


After about 3 weeks from sowing the seedlings were transplanted 
to cement pots. All the pots were irrigated with equal amounts of 
saline water—1l28c.c. of 5% sodium chloride—at frequent intervals. 
In between saline irrigations, fresh water was supplied whenever neces- 
sary. Ten saline irrigations were given during the entire life of the 


plant. 


The growth of the plant was satisfactory and further they produced 
fertile grains. The plants were harvested and the yield of grains indi- 
cated that there was no appreciable difference in yield between treated 
and control plants in variety C. No.3. In the case of variety S.R. 14 
seeds soaked in 1 Molar (5:8%) sodium chloride solution for 16. hours 
seemed to be better than the rest. 


No conclusive results were obtained before the scheme terminated, 
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4. Breaking of Dormancy in Winter Rice 


It has been found that all the rice varieties which mature during 
winter have a certain period of dormancy immediately after their harvest. 
The factors that are responsible for this dormancy were studied and the 
methods to break the same were devised. The breaking of dormancy 
of winter rice is an important factor as some of the more productive 
types could not be grown in the spring season as a second crop on 
account of their dormancy. Winter paddies are always preferable 
because they produce a higher yield and superior quality rice in compari- 
son to the Dalua or spring paddies. 


(a) Length of the dormancy period—A study of the dormancy 
period in different varieties of rice was conducted. Autumn paddies 
did not show any dormancy at all. The mid-winter variety, C. No. 2 
and the late-winter variety C. No. 3 remained dormant for about 25 days 
after harvest. At 30 days after harvest they showed 50% germination 
which gradually rose up to 75% by 45 days. A very late-winter variety, 
C. No. 9, similarly showed 28% germination at 30 days after harvest 
and 88% germination at 45 days. In general a correlation was noted 
between the length of the vegetative period and the dormancy period. 
In winter paddies having a vegetative period longer than 130 days the 
dormancy period was nearly 30 days. 


(b) Cause of dormancy.—The cause of dormancy was noted to lie 
in the flowering glumes (lemma and palea) because when the kernels 
were removed from the glumes they germinated normally (Parija and 
Chalam, 19405). The glumes in the non-dormant condition absorbed 
water up to the extent of 50° weight of the grains whereas in the dor- 
mant condition they absorbed water only up to 20% weight of the grains. 
Thus the glumes in the dormant condition prevented the entry of requi- 
site quantity of water for germination. 


Anatomical studies revealed that the interlocking of lemma and 
palea is very strong in the dormant condition and prevents the absorp- 
tion of water. As the seeds gradually get older and older the inter- 
locking is considerably loosened thereby facilitating the entry of water 
in higher doses to break the dormancy. 


(c) Methods adopted for breaking dormancy: (i) Smoking the 
seeds.—A successful method of breaking the dormancy was by smoking 
the seeds. Smoke was generated from coconut coir by paddy straw 
and admitted into the seed chamber for 2 hours daily from 1-4 days. 
In order to eliminate the temperature effect of the smoke, the smoke was 
cooled down by passing it through a condenser. It was observed that 
cooled smoke gave better result and that different varieties required 
different durations of smoking probably depending upon the duration 
of rest period. It was observed that C. No. 2, a mid-winter variety, 
germinated well with smoking given for 1-2 days while smoking for 
3-4 days produced harmful effects. On the other hand in C. No. 3, 
a late-winter variety, smoking for 1-2 days was not effective. Smoking 
for at least 3 days was necessary to break the dormancy. It was also 
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found that some minimum rest period of at least 10 days had to ] 
before smoking became effective. : ren 


(ii) Drying the seeds—The method of drying the seed in the sun 
and in thermostat at a fixed high temperature with a view to reducing 
the moisture content of the seed was tried as a method of breaking dor- 
mancy. The seeds were dried in the sun for 6 days. Other lots of 
seeds were dried at 40-42°C. in an electrically controlled thermostat 
for different periods ranging from 6-125 hours. Both sun-drying and 
oe at 40°C. were also effective in the reduction of the resting 
period. 


(iii) Removing the husk from the seeds:—Glumes or the husk of 
freshly harvested paddy seeds were removed. Germination tests showed 
that even on the 3rd day after the harvest the seeds could be germinated. 
This method completely avoids the minimum resting period. Further 
the rate of germination was also rapid, reaching the maximum on the 
6th day after sowing. Removal of husk without injury to the embryo 
was done with wooden grinding wheels with which sufficiently large 
quantities of seed can be handled for seed purposes. 


(iv) Application of ultra-violet rays.—Irradiation with ultra-violet 
rays for brief periods also brought about good percentage of germina- 
tion in certain varieties. 


(v) Soaking with juice of germinated grains.—Seeds of different 
varieties were soaked with the juice extracted from germinating grains 
of Phaseolus radiatus. C.No.2 treated with the concentrated juice 
gave 85% germination, while untreated seeds gave only 15% germination. 
With the seeds of C. No. 3 dilution of the concentrated juice with water 
in the proportion of 1:1 gave a higher rate of germination by 45% in 
comparison with the untreated seeds. The auxin content of the germi- 
nating grains is probably responsible for this enhanced effect on germi- 
nation. 

I acknowledge with gratitude the help given by Dr. G. Misra, 
Reader in Botany, Ravenshaw College, Cuttack, and Dr. G. V. Chalam, 
Deputy Director of Agriculture, Sambalpur, Orissa, in preparing the 
manuscript. 
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FUNGI CAUSING PLANT DISEASES AT 
JABALPUR (MADHYA PRADESH)—II 


By G. P. AGARWAL AND R. BELIRAM 
Botany Department, Mahakoshal Mahavidyalaya, Jabalpur 


(Received for publication on April 25, 1959) 


AGARWAL, Nema and Beliram (1959) have initiated a series of papers 
on fungi causing plant diseases at Jabalpur. Series I describes some 
sixty-six parasitic fungi. It is proposed to describe in this paper five 
more deuteromycetous fungi occurring at Jabalpur. It includes one 
new species, three new fungus records for India and two new host 
records for Curvularia lunata. 


The numbers of the species are the serial numbers of the fungus 
flora of Jabalpur. 


67. Septoria socia pass. on leaves of Chrysanthemum sp., Govern- 
at Agriculture College, Adhartal, October 1958, Leg. K. G. 
ema. 


Symptoms of the disease.—The disease first appears as small scat- 
tered dark brown spots on leaves, usually on the upper surface. Spots 
increase in size up to 13mm. in diameter, are more or less circular 
and become slightly raised above the leaf surface developing a leaf 
blotch. Sometimes the spots coalesce forming irregular areas. 


The causal organism.—Pycnidia scattered, subglobose to lens- 
-shaped, with a wide opening at maturity, immersed, deep brown, 
66-100 1 in diameter; conidiophores not observed; conidia hyaline, 
curved, sometimes straight, septate or non-septate (up to 3 septa), 
17-40 x 1:6-3:3y, average 31 xk 2:2y.. 


Septoria chrysanthemella Sacc. causes a leaf blotch of cultivated 
Chrysanthemums and S. leucanthemi Sacc. & Speg. a similar disease 
of the variety Esther Read and the Shasta Daisy (Chrysanthemum 
maximum) in Britain and elsewhere (Brooks, 1953). The present 
Septoria differs from these two in that the spores of S. chrysanthemella 
measure 30-80 x 1-3 and those of S. leucanthemi 100-130 x 4-5 up. 
The present Septoria has been identified as S. socia by Mr. C. Booth, 
Assistant Mycologist, Commonwealth Mycological Institute, Kew, 
England. 


This is a new fungus record for India. The material has been 
deposited at the Herbaria of the Commonwealth Mycological Institute, 
Kew (Herb IMI. No. 75642), where it is the first collection of this 
species and of the Botany Department, Mahakoshal Mahavidyalaya, 


Jabalpur, 
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68. Colletotrichum pithecolobii Roldan on leaves of Pithecolobium 
dulce Benth., Wright Town, November 1958, Leg. Agarwal and 
Beliram. 


Symptoms of the disease——The disease. starts as small pinhead 
spots, light yellowish green in colour on either surface of the leaf. 
The infection may start from the margins or the tips. The spots 
increase in size, become irregular with the central region brown and 
later on brownish grey bounded by a dark brown margin which gra- 
dually diffuses into the green of the leaf. Many black dot-like acervuli 
appear in the central region. 


The causal organism.—Setae irregularly distributed in the acervulus, 
simple, dark brown and septate; conidiophores simple, short and 
hyaline; conidia hyaline, non-septate, falcate, sometimes straight, 
16:4-32-8 x 1:7-3:3, average 25-6 X 2°8y. 


Ellis (in litt.) reports, ‘Two species of Colletotrichum have been 
recorded specifically on Pithecolobium dulce, C. jahnii Sydow and 
C. pithecolobii Roldan, the first with short, almost straight conidia, 
the second with longer, falcate conidia. C. pithecolobii belongs to the 
Colletotrichum capsici group, and von Arx (1957) in his recent mono- 
graph of the genus cites it as a synonym of Colletotrichum dematium, 
(Pers. ex Fr.) Grove. It seems to us that we are not in a position to 
accept von Arx’s synonymy without further study and that for the 
time being at any rate it is better to use names where they are available 
for the well-defined parasitic species.” Hence the name C. pithecolobii 
has been retained in this paper. 


This is a new fungus record for India. The material has been 
deposited in the Herbaria of the Commonwealth Mycological Institute, 
Kew (No. 75639) and the Botany Department, Mahakoshal Maha- 
vidyalaya, Jabalpur. 


69. Curvularia lunata (Wakker Boed.), on leaves of Musa _ paradisiaca 
L. and on leaves and leaf-sheaths of Cymbopogon citratus Stapf. 


Wright Town, October 1958, Leg. V. Bhave and S. Ganguli. 
Musa strain: 


Symptoms of the disease——The disease is first noticed by the 
appearance of greenish yellow spots, irregular and elongated, on either 
surface of the leaf but more commonly on the upper one. Often the 
infection is marginal. The central region of the spots becomes bright 
yellow, then brown and ultimately ash-coloured and necrotic. It is 
bounded successively by narrow zones of brown and yellow which 
diffuse into the green. Clumps of conidiophores bearing conidia 
appear as black dots in abundance in the necrotic region. Spots 
often coalesce developing large blotches. The midrib forms a barrier. 


eT he causal organism.—Conidiophores brown, paler towards tip, ° 
simple, erect, straight or curved towards the apex, with geniculations, 
6-12 septate, 98-236 in length and 3-3-6-Sy in breadth ; conidia 
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brown, of variable shape, boat-shaped conidia predominate, 3-septate, 
3rd cell from the base conspicuously larger, broader and darker than 
the others, usually curved, sometimes straight, 16-4-29-5 x 6-5-9-8 LL, 
average 22:7 x 7:8 yu. 


Cymbopogon strain. 


Symptoms of the disease.—Infection starts from any part of the 
leaf and is first noticed by discoloured irregular, elongated areas that 
become light brown and ultimately brown with a light coloured border. 
They .may be confluent. Midrib is often crossed. The lesions extend 
to the leaf-sheaths. 


Spores were not found on the host. Isolations were made and 
single spore cultures prepared. Pathogenicity tests on the host leaves 
were made with positive results. The following description of the 
organism is on potato-glucose agar medium. 


The causal organism.—The pathogen was similar to Musa strain. 
Conidiophorés 4-13 septate, 22-9-167 » in length, 1-6-6-5 in breadth; 
conidia 18-26-2 x 6:5-9:8, average 22 x 8:5uy. 


The organisms have been identified as Curvularia lunata and they 
agree well with the description found in literature (Groves and Skolko, 
1945; Subramanian, 1953). Before 1953, only two species of Cur- 
vularia, C. lunata and C. penniseti (Mitra) Boedijn were known to occur 
in India. Subramanian (1953) described two new species of Cur- 
vularia and made 7 new records for India raising the total number of 
Curvularias to 11. Musa paradisiaca and Cymbopogon citratus are 
the two new hosts for C. Junata not so far described. C. maculans 
(Bancroft) Boed. has been reported on dead leaf-sheath of Musa para- 
disiaca from Madras by Subramanian (1953). 


The specimens have been deposited in the Herbarium of the 
Botany Department, Mahakoshal Mahavidyalaya, Jabalpur. 


70. Cercospora riachueli Speg. on leaves of Vitis trifolia L., Wavel 
Road, September 1958, Leg. Beliram. 


Symptoms of the disease ——Infection starts from any part of the 
leaflets. It first appears as pinhead dark brown spots, circular, oval 
or angular, increase up to 10mm. in diameter and become smoky or 
almost black. The central region of the spots is comparatively of 
lighter shade in which are observed clumps of conidiophores under 
a hand-lens. Spots coalesce but less frequently. The middle and 
the main veins are freely traversed. The lesions extend to rachis, 
tendrils and stem. The infection on the tendrils starts from any point 
and involves the whole structure, which becomes black, dries up and 
breaks away. me 


The causal organism.—Conidiophores subhyaline, but become 
darker with age, emerge in clusters, erect, unbranched, ‘septate, with 


354 G. P. AGARWAL AND R. BELIRAM 


distinct geniculations in the upper part, of variable length; conidia 
concolourous, streight or curved, 5-13 septate, 43-138 x 3°3-4-9 yp. 


Cercospora riachueli is a new fungus record for India. C. viticola 
(Ces.) Sacc. has been reported on leaves of Vitis vinifera from Achibal, 
Kashmir (Butler and Bisby, 1931). 


The species has been identified by Mr. F. C. Deighton, Assistant 
Mycologist, Commonwealth Mycological Institute, Kew. The material 
is deposited in the Kew Herbarium No. 76073 and in the Botany 
Department, M.M.V., Jabalpur. 


71. Biharia smilacis Agarwal sp.noy. on leaves of Smilax  macro- 
phylla Willd., Hot spring, October 1958, Leg. S. Bhatnagar 
and M. B. Shastri. 


Symptoms of the disease——The disease appears as small brown 
spots with halos of light yellow colour, on either surface of the leaf. 
Spots increase in size, become round, oval or irregular in shape, may 
coalesce, forming large blotches and ultimately involve the whole leaf. 
The central region of the lesion sometimes becomes greyish. At times 
concentric zonations in the circular spots may be distinguished. 


The causal organism.—Hyphe light coloured, septate, inter- or 
intracellular; conidiophores usually develop in clusters from a compact 
stroma formed in the epidermis, pale yellowish brown, unbranched 
septate, 131-210, long, straight or bent, smooth, with distinct geni- 
culations at apex, scars indicating the point of attachment of conidia 
are present; conidia developing singly at apex, pale brown, 1-14 
septate, obclavate to linear, wall roughened or warted, sometimes con- 
stricted at the septa, simple, scar at the basal end, 16-4-105, long 
and 3-3-6:6, broad, average 43 x 6p. 


Biharia_ smilacis sp. nov. 


Hyphe pallide colorate, septate, intercellulares ve) intracellu- 
lares; conidiophori vulgo aggregati evolvuntur e stromate compacto 
producto in epidermide, pallide luteolo-brunnei, non-ramosi, septati, 
131-210 longi, recti vel curvati, leves, geniculationibus claris ad 
apicem, cicatricibus monstrantibus punctum unionis conidiorum pre- 
sentibus; conidia evolvuntur singula ad apicem, pallide brunnea, 
I-14 septata, obclavata vel linearia, parietibus asperis vel verruculosis, 
nonnumquam constricta ad septa, simplicia, cicatrice ad basin, 16-4— 
105 longa, 3:3-6:6y lata, medietat. 43 x 64. 


Habitat in foliis Smilacis macrophylla, ad Jabalpur in India, 
mense octobri anni 1958, Leg. S. Bhatnagar and M. B. Shastri. 


The genus Biharia with the type species Biharia vangueria was 
described by Thirumalachar and Mishra (1953) on leaves of Vangueria 
spinosa from Darbhanga, Bihar. The present species differs from 
B. vangueri@ in the character of conidia, which are simple and not 
branched as in the latter. The size of the conidia and conidiophores 
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also varies in the two species. So far no species of Biharia has been 
recorded on Smilax. B. smilacis is the second species of Biharia being 
reported from India. 


Fig. 1 


Text-Fics. 1-2. Biharia smilacis: Fig. 1. Conidiophores developing from 
stroma. Fig. 2. Conidiophores bearing conidia and free conidia. 


Biharia sp. has been identified by Dr. M. B. Ellis. The type 
specimen is deposited in Kew Herbarium No. 75641 and in the Botany 
Department, M.M.V., Jabalpur. 
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SUMMARY 


The present paper describes five parasitic fungi imperfecti occur- 
ring at Jabalpur. It includes Biharia smilacis, a new species, on Smilax 
macrophylla, Septoria socia on Chrysanthemum sp., Colletotrichum 
pithecolobii on Pithecolobium dulce, Cercospora riachueli on Vitis tri- 
folia, new fungus records for India and Curvularia lunata on Musa 
paradisiaca and Cymbopogon citratus, new host records. 
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CALCIUM RELATIONS OF SAL 


By N. K. JAIN 
Department of Botany, Govt. Degree College, Guna, M.P. 
(Received for publication on May 19, 1959) 


Shorea robusta Gaertn.f. (Sal) belonging to the family Dipterocarpaceae 
Is a semi-evergreen valuable timber tree of India. In this country it 
occurs in two strips, one in north (sub-Himalayan) and the other in 
Central India. The part of Central India strip, situated in east Madhya 
Pradesh, is spread in two belts separated by Chhattisgarh plain. 


Contradictory views have been expressed on the mineral require- 
ments of Sal with special reference to calcium. According to one school 
of thought Sal thrives only on non-calczreous soils with very low ex- 
changeable calcium. Thus, Puri (1952, 1953, 1954, 1955, 1957) and 
Puri and Gupta (1954) have labelled Sal as a ‘ calcifuge’, non-exacting 
species growing on acidic and base deficient soils. Khan (1953, 1953 a) 
reported the growth of Sal on soils and rock types poor in calcium. 
According to other school, however, no comprehensive correlation 
between calcium content of the rock, soil and Sal growth has been 
observed (see Sathe, 1951). Supporting this, Hewetson (1953, 1955) 
has noted the occurrence of Sa] in regions mostly occupied by cuddapahs 
having limestone, etc. It was with a view to ascertain the calcium 
requirement of this tree that the present investigation has been under- 
taken in Madhya Pradesh Sal Forests. 


The study has been based on the following lines :— 


1. Correlation of soil pH and cxchangeable calcium with the 
general growth of Sal crop. 


2. Confirmation of the above indications by a study of the corres- 
ponding foliar ash and foliar calcium. 


3. Variation in the foliar calcium and ash percentage as affected 
bys ace. S: = 
METHODs OF STUDY 


Soil samples were collected at a depth of 2-6 inches from a number 
of Sal forests of Madhya Pradesh. The oven-dry soils were leached 
with 0:2 N glacial acetic acid and the exchangeable calcium was deter- 
mined by the oxalate method as given by Piper (1947). 


The leaves were first dried at room temperature and then at 110°C. 
in'an electric oven. Dried leaves were powdered and ashed in an elec- 
tric muffle furnace at 800°C. for 2 hours. Calcium in the ash was 
then determined by the oxalate method after Loomis and Shull (1937) 
The results are expressed in gramme per cent of dry weight. 
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Soil pH was determined by Beckman’s pH meter. 


OBSERVATIONS 


Data are presented in Tables I to IV and Text-Figs. 1-5. 


In order to determine the relationship between the Sal growth and 
the edaphic factor, the average height of the trees has been taken as 
an index of the quality of Sal crop. Thus, Sal has been divided into 
the following four classes :— 


Average height of the trees 90 feet or more: Class I. 
Average height of the trees between 70-89 feet: Class II. 
Average height of the trees between 50-69 feet: Class III. 
Average height of the trees below 50 feet: Class IV. 


The various Sal forests belonging to the different artificially divided 
height classes are named in Table I. In addition to these, Sal com- 
munities under biotic operation and areas under heavy regeneration have 
also been examined. 


The following results have been obtained: 


1. Correlation of soil pH and exchangeable calcium with the growth 
of Sal 


From the available data provided by the localities studied (Table I 
and Text-Figs. 1 and 2), it is seen that direct correlation between soil 
pH and exchangeable calcium on the one hand and growth of Sal on 
the other cannot be so easily effected as conceived by Puri (1952, 1953, 
1954, 1955, 1957) and Puri and Gupta (1954). 


On an average Sal has been found to grow on slightly acidic 
(pH 5-0-6:0) to neutral soils. No correlation appears to exist between 
pH of the superficial soils and Sal height classes. Sal soils have an 
average pH of 5-7. 


Similar to the observations of Puri (1952) and Puri and Gupta 
(1954) soil exchangeable calcium initially increases with Sal height 
classes followed by a decrease (Text-Fig. 2). Thus, on an average soil, 
exchangeable calcium is 0-078%, 0-095%, 0:085% and 0-078%, in Sal 
height Classes I, I, II] and IV, respectively. Soil under Sal biotic com- 
munity has highest exchangeable calcium being 0-141. 


__ Exchangeable calcium of soils under regeneration of Sal have a 
higher value of 0-117% than the different height class forests studied. 


2. Variations in pH and soil exchangeable calcium in soil profiles 


_ A more detailed picture of the exchangeable calcium status of Sal 
soils could be obtained from the soil profile studies. Table II shows 
that exchangeable calcium increases in the first 6” followed by a 
decrease. Curiously enough, in the soil profiles under Sal-Classes I and JI, 
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soil exchangeable calcium again increases at lower depths. Lutz and 
Chandler (1955) have observed that in some soils calcium is abundant. 


TABLE [| 


Variation in soil pH and exchangeable calcium in different Sal forests 


: Calcium 
Sal height Locality pH in gm. % 
class of dry weight 
of soil 
I Div.: SoUTH RAIPUR 
Range: Nagri 
Spot: (i) Donga Tola 5-65 0-060 
(10-3-1957) 6-00 0-084 
6-50 0-126 
(ii) Kharka 0725. 0-066 
5-85 0-060 
Range: Risgaon 
Spot: Kharka (11-3-1957) 5-40 0-090 
5:75 0-084 
5:45 0-084 
6:05 0-085 
Div.: East BASTAR 
Range: East Jagdalpur 
Spot: (i) Tigri Pagar 5-00 0-060 
(8-3-1957) 5-05 0-055 
(ii) Machkot 5-40 0-084 
Il Div.: BALAGHAT 
Range: Mukie 
Spot: Near Mukie Village 3°55 0-048 
(31-10-1957) S*55 0-056 
6:50 0-084 
Div.: MANDLA 
Range: Banjar 
Spot: Kanha Kisli (26-1-1958) 6-85 0-129 
5-60 0-109 
‘ 6:05 0-139 
6°15 0-159 


Div. : EAst BASTAR 

Range: East Jagdalpur 

Spot: Dhanpunji 6-00 0-096 
Div.: SOUTH RAIPUR 

Range: Risgaon 

Spot: Biramgaon 4-70 0-072 - 
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Calcium 
Sal height Locality pH in gm. % 
class of dry weight 
of soil 
Ill Div.: BILASPUR 
Range: Lormi 
“Spot: Near Village Kari Dongri 6-00 0-075 
(2-3-1957) 5-85 0-120 
6-10 0-132 
Div.: HOsHANGABAD 
Range: Pachmari 
Spot: (a) Big Fall (7-1-1957) 6-15 0-078 
(b) Chhota Nala 5-00 0-036 
(5-1-1957) 6-20 0-054 
(c) Chhota Mahadeva 5-10 0-054 
(6-1-1957) 6-05 0-129 
Div.: SOUTH RAIPUR 
Range: Risgaon 
Spot: (i) Risainath 5-70 0-030 
(ii) Circular Road 5-65 0-096 
Div.: East BASTAR 
Range: East Jagdalpur 
Spot: Dhanpunji Forests 6-00 0-072 
Div.: REWA 
Range: Shahdole 
Spot: Sitapur (26-2-1957) 5-80 0-054 
IV Div.: HOsHANGABAD 
Range: Pachmari 
Spot: (i) Big Fall 6-05 0-057 
(ii) Bee Fall 6°85 0-099 
4-40 0-024 
(iii) Dhoopgarh 5:10 0-027 
(iv) Chhota Nala 4-75 0-042 
5°30 0-054 
6-00 0-078 
Div.: REWA 
Range: Shahdole 
Spot: Sitapur 5-40 0-060 
Div.: MANDLA 
Range: Banjar 
Spot: Kanha Kisli 6:20 0-238 


Sal height 
class 
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TABLE I (Contd.) 
Calcium 
Locality pH in gm. % 
of dry weight 
of soil 


rr 


Div.: BALAGHAT 
Range: Mukie 
Spot: Mukie Forests 


—_—_————_—_ —_—__—__—__--—=<.-\Kk————— en 


Sal Biotic 
Community 


Regeneration 
of Sal 


Div.: MANDLA 
Range: Dindori 
Spot: (i) Aamer (22-4-1957) 


(ii) Bikrampur 
(13-6-1957) 


Div.: Kora 

Range: Baikuntpur and Nagar 

Spot: Baikuntpur Forests 
(27-2-1957) 


Div.: SOUTH RAIPUR 
Range: Risgaon 
Spot: Risainath 


Div.: EAstT BASTAR 
Range: East Jagdalpur 
Spot: Machkot 


Div.: MANDLA 
Range: Banjar 
Spot: Kanha Kisli 


Range: Dindori 
Spot: Bikrampur 


Div.: HOosHANGABAD 
Range: Pachmari 
Spot: Chhota Nala 


a 


0-036 
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in lower horizons but in others the reverse is the situation. Taylor 
et al. (1935), Chandler (1937) and Coile (1939) remarked that the trees 
and other plants, which are deep-rooted and which have high calcium 
requirements, frequently build up a concentration of lime in the surface 
soil as a result of contribution made annually by leaf fall. This would 
probably account for the fluctuations in the soil calcium at different 
depths in the soil profile. 
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TExT-Fic. 1. Variations in pH of soils from different Sal height class forests. 
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TEXT-Fic. 2. Variations in exchangeable calcium of soils (in gramme per- 
centage) from different Sal height class forests. 


FOLIAR ANALYSIS 


1. Foliar ash.—Foilar ash first increases from height Classes I to II 
followed by a decrease in height Class IH. It further. .decreases in 
Class IV (Text-Fig. 3). Thus on an average, the foliar ash in height 
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TABLE II 
Variation in soil pH and exchangeable calcium with depth of 
soil profiles in different Sal height class forests 
Depth Exchangeable 
Locality of soil pH calcium Sal height 
in inches in gm. % class 
of dry soil forests 
SOUTH RAIPUR: 
(Risgaon—Kharka) 2 5-40 0-090 I 
6 5-30 0-096 
18 6-25 0-079 
36 6°25 0-090 
EAST BASTAR: 
(East Jagdalpur— 
Machkot) 2 5°65 0-065 
6 5-60 0-090 
18 5-60 0-036 
36 6:30 0-060 
MANDLA: 
(Banjar—Kanha ps 5-50 0-139 II 
Kisli) 6 5-90 0-199 
18 6-60 0-079 
36 6:50 0-119 
BILASPUR : 
(Lormi—Kari- DA 6-00 0-096 Ill 
dongri) 18 6-00 0-072 
36 5°85 0-060 
HOSHANGABAD : 
(Pachmari—Big pi 4-20 0-027 
Fall) 6 5-00 0-054 
; 18 6-00 0-030 
- 36 5°95 0-024 
ORIA : 
ena intpir: Ys 6:20 0-060 Sal Biotic 
Nagar) 6 6:05 0-075 Community 
18 6-00 0-054 
36 5°95 0-035 


are ie ed ae 3 Be Be it a eee 
Class I is 4-31%, 5-28% in Class I, 4°57% in Class III and 3-70% in 
Class IV. The foliar ash of the trees under biotic operation is 4-68%. 
These observations are in confirmation with those of Puri (1952) and 


Puri and Gupta (1954). 
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Foliar ash of mature leaves of saplings is slightly more than that of 
mature leaves of trees in height Class IV. 
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TexT-Fic. 3. Variations in the foliar ash of Sal from different height class 
forests. 

2. Foliar calcium.—Foliar calcium appears to behave similarly as 
foliar ash. Thus it shows an increase in the trees of height Class II, 
followed by a gradual decrease in Classes III and IV (Text-Fig. 4). Higher 
foliar calcium is recorded in biotic Sal community being on an average 
1-124%. 

Based on Table III, an average value of foliar calcium of mature 
tree is 1.006%. 

TABLE III 


Variation in foliar ash and foliar calcium from different Sal forests 
Ash % Calcium % 


Locality of dry leaves of dry leaves _— Sal height 
in gm. in gm. class 


os 


SOUTH RAIPUR: 


(Nagri—Dongatola) 4-00 1-334 I 
(Nagri—K harka) 5:65 0-119 
2:90 0-685 
(Risgaon—Kharka) 2-60 0-972 
4-40 0-896 
2-70 0-896 
5°75 0-597 

EAST BASTAR: 

(East Jagdalpur— 7°85 0-836 
Tigri Pagar) 4-68 1-134 


Le 1-078 


Ss : eee | 
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TABLE I1I—Contd. 
Ash & Calcium % 
Locality of dry leaves of dry leaves Sal height 
in gm. in gm. class 
BALAGHAT: 
(Mukie—Mukie Forests) 7:68 1-624 II 
MANDLA: 
(Banjar—Kanha Kisli) 7-64 2-208 
2:90 0-716 
4-30 1-194 
3.15 0-895 
SOUTH RAIPUR: 
(Risgaon—Biramgaon) 3-84 1-045 
EAST BASTAR: 
(East Jagdalpur—Dhan- 6-50 1-134 
punji) 
BILASPUR: 
(Lormi—Karidongri) 2:91 1-104 Il 
3-98 1-104 
7-20 e522 
REWA: 
(Shahdole—Sitapur) 6:90 1-015 
HOSHANGABAD : 
« (Pachmari—Big Fall) B30 0-840 
(Pachmari—Chhota PLE 9s 1-088 
Nala) 2-20 0-880 
3-80 DST. 
(Pachmari—Dhoop- Ee) 1-465 
garh) 
SOUTH RAIPUR: 
(Risgoan—Risainath) 4-85 0-418 
East BASTAR: 
(East Jagdalpur—Dhan- a°12 0-848 
punji) 
HOSHANGABAD: IV 
(Pachmari—Chhota 3-20 0-800 
Nala) 3-80 1-080 
(Pachmari—Chhota 3-12 0-680 
Mahadeva) 
(Pachmari—Big Fall) 3-28 0-920 
(Pachmari—Bee Fall) 3-04 0-640 
2:64 0-800 
3792 0-800 


(Pachmari—Dhoop- 
garh) 
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TaBLe [1I1—Contd. 
Me a I OE SR Se 


Ash&% Calcium % ’ 
Locality of dry leaves of dry leaves Sal height 
in gm. in gm. class 
BALAGHAT: 
(Mukie—Mukie Forests) 5:76 1-776 
2-04 0-528 
2-48 0-672 
5-00 0-768 
MANDLA: 
(Banjar—Kanha Kisli) 6°15 1-920 
MANDLA: Sal Biotic Com- 
(Dindori—Aamer) 6-80 1-301 munity 
2-15 1-075 
2-35 0-460 
(Dindori—Bikrampur) 4-75 0-776 
1-56 0-925 
4-20 0-895 
KoriA: 
(Baikuntpur—Baikuntpur) 7:16 2-029 
5-76 1-536 
SOUTH RAIPUR: Regeneration 
(Risgaon—Risainath) oy fe) 0-597 of Sal 
4-72 1-920 
7°75 0-507 
EAST BASTAR: 
(East Jagdalpur— 2-00 1-200 
Machkot) 
MANDLA: 
(Banjar—Kanha Kisli) 3-30 1-074 
(Dindori—Bikrampur) 1°75 0-776 
3-50 0-728 
HOSHANGABAD : 
(Pachmari—Chhota 2-76 0-640 
Mahadeva) 


There appears to exist a direct correlation between soil exchangeable 
calcium and foliar calcium as shown in Text-Fig. 5. Thus, foliar cal- 
cium increases with increase in soil exchangeable calcium. 


3. Effect of age on foliar calcium—Two sets of leaves were 
examined in most of the localities, namely, young and mature ones, 
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; Text-Fic, 4. Variations in the foliar calcium of Sal from different height class 
orests. 


RS 


2.0 


1.5 
= 
= 
= 
a 
a 
x 1.0 ; 
= 
ond 
S 
G. 
0.5 


0.05 0.10 0.15 0.20 0.25 
SOIL EXCHANGEABLE CA LCIUM 


Text-Fic. 5. Graph showing correlation of soil exchangeable calcium with 
the corresponding foliar calcium of Sal in gramme percentage, 
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TABLE IV 


Effect of age on the chemical composition of Sal leaves 


Ash gm. % of dry leaves Calcium gm. % of dry leaves 


Locality ee 


Young Mature Litter Young Mature Litter 


SOUTH RAIPUR: 
(Nagri-Kharka) 3295 4-65 Bh 0-239 0-633 
EAST BASTAR: 


(East Jagdalpur—Tigri 


Pagar) 4-92 7-85 me 1-632 0-836 
Dhanpunji See 5 HO ae s 0-953 0-848 
BALAGHAT: 
(Mukie—Mukie 
Forests) Pagel I 8 7:68 ie 0-912 1-624 
3-52 5-76 Es 1-152 1-776 
REWA: 
(Shahdole—Sitapur) .. - 6-90 9-00 A 1-015 2°208 
BILASPUR: 
(Lormi—Karidongri) # 2:91 6-59 ~4 1-104 2-016 
ws 7:20 5-76 i522 1-194 
2-08 5-68 1-344 3-072 
HOSHANGABAD: 
(Pachmari—Chhota 
Mahadeva) ee, * 3-80 2:92 ve 1-080 1-240 
MANDLA: 
(Dindori—Aamer) .. 4-20 6:80 es 0-322 1-301 
2°15 2°15 yt 0-269 1-075 sid 
(Dindori—Bikrampur) a 4-75 4-40 ae 0-925 1-492 
4-20 6:75 0-895 1-492 
Koria: 
(Baikuntpur—Baikunt- ; 
pur) ae a 5-76 6:24 6 1-536 1-440 
LEAVES FROM SAL SAP- 
LINGS: 
MANDLA: . 
(Dindori—Bikrampur) ‘9 1°75 4-76 vi 0-776 1552 
3-50 5-45 0-728 1-492 
HOsSHANGABAD: 
(Pachmari—Big Fall)... 2°76 3-82 ie 0-640 0-800 
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In some cases leaf litters were also analysed. It has been observed that 
percentage of ash is more in mature than in young leaves. Similarly 
leaf calcium is more in mature ones (Table IV). These results agree 
with those reported by most of the workers in India and outside. Ash 
percentage and calcium content, in contrast to the observations of Puri 
(1952) and Puri and Gupta (1954), has been found to increase in leaf 
litter. The progressive increase in calcium even in leaf litter indicates 
that unlike phosphorus, potassium and nitrogen leaf calcium is prob- 
ably not migrated back to the branches. 


CONCLUSIONS 


From the foregoing study on the calcium relations of Sal the follow- 
ing conclusions can be drawn :— 


1. Soil exchangeable calcium increases from Sal height Classes I 
to II followed by a gradual decrease in subsequent classes. 


2. Foliar ash and foliar calcium behave similarly. 


3. There is more of ash and foliar calcium in mature than in 
young leaves. A progressive increase in these constituents has also 
been observed in the leaf litter. 


DISCUSSION 


As also indicated in the foregoing pages the differential growth of 
Sal trees has been found to be parallel with the progress of soil deve- 
lopment (see Pandeya, 1959; Jain, 1959). Sal appears to have best 
growth (height Class I) in lime-deficient soils and poorest growth (height 
Class IV) in fresh and coarse soils. Thus Sal has been found to grow 
in soils varying from fresh, coarse, immature to leached down lime- 
deficient ones. Curious enough, all these soils irrespective of deve- 
lopmental stages are comparatively poorer in bases. Fresh and coarse 
soils under height Class IV and ‘leached down’ ones under height 
Class I are obviously poor in bases, but in addition to this even ‘ im- 
mature’ soils under height Classes II and II are not rich in bases. 


Leaf litter and foliar analysis of Sal have shown that they are not 
poor in bases and mineral elements are returned to the superficial soils 
which probably fulfil the nutritional requirements of this tree. From 
the standpoint of mineral nutrition, Sal appears to have low require- 
ments. The best growth of Sal in lime-deficient soils and not in fresh 
or coarse soils may be due to high moisture percentage and depth of 
the soil in the former. 


ever, the low mineral requirement of Sal does not warrant it 
to eS classified as a ‘ calcifuge ’ species, as labelled by Puri (1952, 1953, 
1954, 1955, 1957) and Puri and Gupta (1954). A short discussion on 
such a classification might render the point more understandable. 


hi i i i i logical signifi- 
hile dealing with pH of natural soils and its ecolog 
aoe Pearsall (1952) recognises certain limits of pH which can be 
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correlated both with certain types of vegetation and also with other 
soil properties. The plants regarded as ‘calcicole’ usually occur on 
soils having pH above 6:5, in contrast to well-defined communities which 
are characteristic of soils below 3-8 and are regarded as ‘ calcifuge’. 
Further, Pearsall (1952) has observed that these general limits, while 
not necessarily always very sharp, acquire more significance if we con- 
sider other soil properties, such as the relations between base exchange 
characters of a natural soil and its hydrogen ion concentration. He 
has recognised four main phases in the soil trends. Above the pH of about 
6-5 are classed the ‘ base-saturated’ soils with perhaps a ‘ calcareous’ 
sub-class containing free calcium carbonate. A second class of * lime- 
deficient’ soils have pH between 6-0 and about pH 5-0; still more 
acid soils may be called as ‘ base-deficient’ with the pH between 4-8 
to 3:8 in which iron is mobilised but still present as a principal 
base (Pearsell, 1950). The most acid class soils are called ‘ hydrogen’ 
soils, having pH below about 3-8 or so. 


The aforesaid classes, based on studies in temperate forests of 
America and Europe, are probably not found in tropical forests of this 
country. Misra and Puri (1957) recognise three groups of species, 
firstly, the conifers which contain a very low amount of lime and thus 
have less favourable effect on soil humus; secondly the broad-leaved 
species of evergreen and semi-evergreen types which have a_ lower 
amount of calcium than the pronounced deciduous types. The species 
that have a higher amount of foliar calcium have been called by them 
as ‘exacting’ species producing highly fertile humus _ layers; 
while those which have a low amount of calcium have been called as 
‘ non-exacting ’ species. They have further noted that in tropical forests 
like that of India although some species have low amount of foliar cal- 
cium their vegetal activity in the forest floor is not less active. 


_ Under Indian conditions, the soils are neither acidic nor they are 
quite base-deficient or hydrogen soils. Hence, we can recognise only 
two types of soils, namely, the base saturated soils with pH above 6-5 
and lime-deficient soils with pH 6-0 to about 5-0. It appears doubtful 
if any of the Indian broad-leaved species could be labelled as a calci- 
fugous plant, since, generally such plants, as per the conception of Pear- 
sall (1952), grow in base-deficient and hydrogen soils with pH below 
4-8 to pH 3°8 or so. Such a classification does not permit Sal (Shorea 
robusta) to be termed as a ‘ calcifugous’ species inasmuch as Sal grows 
with a pH above 5-0 (average pH 5-70) and in soils which are ‘ lime- 
deficient’ and not ‘ base-deficient ’. 


My SUMMARY 


The paper deals with the variations in the amount of foliar calcium 
and ash with respect to soil pH and exchangeable calcium in the different 
Sal (Shorea robusta) forests of Madhya Pradesh. Variations in foliar 
ash and calcium as affected by age have also been studied. 


The investigations reveal that Sal probably has a low mineral 
requirement. Soil exchan geable caclium increases from Sal height 
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Classes I to II followed by a subsequent decrease in other classes. Foliar 
ash and foliar calcium behave similarly. Sal has been observed to grow 
with a pH above 5-0 (average pH 5-70) and in soils which are ‘ lime- 
deficient’ and not ‘ base-deficient’. The amount of foliar ash and 


ee calcium increases with age and show the highest values in leaf 
itter. 


On the basis of soil and leaf analysis it has been possible to indicate 
that Sal, probably, is not a ‘calcifugous’ species. 
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POLLEN GRAINS OF CULTIVATED 
PLANTS 


I. Canna Linn. 


By P. K. K. Nair 


Palynology Laboratory, National Botanic Gardens, Lucknow 
(Received for publication on May 22, 1959) 


THE study of the pollen grains of cultivated plants, which include those 
brought under the practice of horticulture or agriculture, is important 
for.many reasons. Apart from providing a knowledge of the pollen 
morphology of the plant under cultivation, it throws light on the gene- 
tics of the different hybrid varieties. Being the agent directly connected 
with breeding, pollen grains can be expected to a certain extent to pro- 
vide valuable information regarding the interrelationship of the 
varieties within a particular genus. Also, a knowledge of the fertility 
percentage of the pollen in a cultivated plant is of basic importance 
before attempting a particular cross. 


Palynological studies of the cultivated plants as such have not 
attracted as much attention as they deserve. Pollen morphology of 
some cultivated grasses has been studied by Firbas (1937, in Erdtman, 
1943, pp. 58-59), Erdtman (1944) and Barghoorn et al. (1954). Apart 
from the above, Erdtman (1952) has described the pollen grains of 
several cultivated species and varieties covering the various families, 
in his elaborate treatise on the pollen morphology of angiosperms. 


In India, very little work has been done on the subject. Banerji 
(1929) has studied the pollen of Indian cottons. Sampat and Rama- 
nathan (1951) have made pollen size studies in Oryza. Mukherji (1951) 
has analysed the pollen of Mangifera. Datta (1952) and Patel and 
Datta (1958) have investigated the pollen of Corchorus. The physio- 
logical and cytological aspect of the pollen of cultivated plants have 
also been studied by some workers among whom may be mentioned 
Asana and Sutaria (1929), Rangaswami (1935), Singh (1950), Sen 
and Verma (1959), Raghavan and Baruah (1956 a,b), Singh (1957) 
and Tambi Ninan et al. (1959). 


MATERIAL AND METHOD 


In the present investigation ornamental plants grown in gardens 
have been taken up in the first instance, which, apart from Canna form- 
ing the subject-matter of the present studies, includes Bougainvillea, 
Hibiscus and Poinsettia and will be published in a subsequent paper. 
It is also proposed to extend the studies to the cultivated grasses and 
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other plants of economic importance. The polliniferous material has 
been collected mostly from the National Botanic Gardens, Lucknow. 
The specimens from which the pollen has been prepared are deposited 
in the Herbarium of the Gardens. 


Pollen grains have been prepared by the following method:— 


Pollen-bearing parts were collected in 70% alcohol contained in 
small vials. The material was later transferred to a centrifuge tube 
and crushed by a glass rod. The dispersion was passed through a sieve 
(48 meshes per sq.cm.) and was collected in another centrifuge tube. 
About 5c.c. of water was added into the tube followed by 2-3 drops 
of basic safranin and the tube was left aside for about 5 minutes. The 
material was then centrifuged and was washed twice with water followed 
by subsequent centrifuging. About 5c.c. of 50% glycerine was added 
into the tube and after about 10 minutes it was centrifuged and the 
glycerine was decanted off. The pollen grains were placed in glycerine 
jelly, mounted with a number zero cover glass and sealed by wax. The 
excess material has been kept in glycerine jelly contained in vials for 
later use. 


The present study is mainly concerned with the pollen morphology 
of the respective plants. Notes on other interesting features of the 
pollen are also given wherever noticed. The terminology used in pollen 
description is that of Erdtman (1952) except that for the apertures which 
is based on the suggestions given by a group of palynologists (Anony- 
mous, 1957 a). 


_ Among the plants studied the arrangement of the species and the 
varieties within a genus is in alphabetical sequence. 


Canna Linn. 


Canna (Scitaminaceae B.H.; Cannaceae, E.P.) is represented by 
about 60 species distributed in tropical and subtropical regions. They 
Bes been brought under cultivation for their strong foliage and showy 

owers. 


The present study is based on 48 varieties* and the commonly 
known Indian species C. indica (Hooker, 1894, p. 260). All the plants 
investigated are cultivated in the National Botanic Gardens, Lucknow 
under the names given here, i 


The observations are summarised in Table I. 


POLLEN MORPHOLOGY 


Pollen grains are generally inaperturate (Text-Fig. 1), but someti 
they may be 1-2 porate (Text-Fig. 2, a and 5). Porate ‘grains accareth 


* The exact species from which the varieties have been prod 
Stated, as the necessary records are lacking. However, species C. indica is theo 
generally used in hybridisation in India. Also, it may be noted that new varietie 
are produced by crossing between other varieties to produce the necessary effect S 
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the varieties Flamingo and Prof. M. S. Thacker and constitute a per- 
centage of 53 and 15 respectively. When two apertures are present 
they are either closely stituated or distantly apart. In both the porate 
varieties the pore diameter is about 7 with an annulus about 7» wide. 


The average size of the grains varies from 60-83 considering all the 
plants studied. However, within the same plant there is a great measure 
of variation. The range of variation in each variety or species is either 
large or small. For example, a narrow range of variation of 62-71 u 
has been observed in the species C. indica and the size varies from 
37-78 » in Anarkali, 47-97% in Modest and 68-118 » in Lord-Buddha. 


In shape they are generally spheroidal. In a few varieties namely 
Anarkali, Florence, Gloria and Winter’s colossal, different forms such 
as oval, triangular, hemispheroidal, elliptical, club-shaped, or square- 
shaped grains (Text-Fig. 3 a-e) have been observed. In the above- 
mentioned varieties and also in Tomthumb single grains, probably con- 
stricted in the middle or perhaps two grains remaining united due to 
ineffective separation during the tetrad stage, occur at random (Text- 
Fig. 4). 


The exine surface is generally provided with pointed spinules as 
in the species C. indica (Text-Fig. 1). But grains having blunt spines 
(Text-Fig. 5), small gemmate (verrucate) excrescences (Text-Fig. 6) or a 
psilate surface (Text-Fig. 7) have often been noticed in the various varieties 
in different percentages. In the same plant, different grains marked 
by the various ornamentation patterns often occur together in parti- 
cular proportions. In Anarkali 85% of the grains are psilate and the 
rest are spinate, while in Debutante 22% are with pointed spines, 6% 
with blunt spines, and 64% gemmate, along with which are also grains 
with minor variations in their exine stratification. 


The stratification of the wall is not well defined and generally 
obscure. The intine may be noticed as a very thin layer, about 1 » thick. 
The exine is about 74 thick, excluding the excrescences and the thick- 
ness in the different plants do not present considerable variations. The 
different layers forming the exine is generally ill-defined. But in several 
varieties the outermost part of the exine (tegillum) for about I » thick, 
is finely segmented in a vertical plane (Text-Fig. 8), and in other cases, 
the wall is baculate having fine (Text-Fig. 9) or thick bacula (Text- 
Fig. 10), giving the grain a psilate appearance. In the baculate grains, 
sometimes a few adjacent bacula remain united, and bear the excre- 
scences. In Brocade 61% of the grains are baculate while in Venus 
it forms only 1°% and in several others no baculate grains occur (Table I). 
Sometimes in the same grain a quantum of the exine is baculate, while 
the rest presents an obscure stratification. 


STERILE POLLEN GRAINS 

Sterile pollen grains devoid of contents, exine structure being ss 
more or less the same as that of the fertile grains with contents, have’: 
ee . ee 


TABLE 
Pollen morphology 


SIZE IN 
APERTURE MICRONS 
Name ge % 53 = Shape Thickness 
No. ideperee Aperturate | 
rate (%)| 0 — ‘hehe ic Range | 
“0 1 dia. ' 
1 2 3 | 4 pea Ye vii); ee 9 
Canna indica 61349 100 68 | 62-71 sph. Tu 
Hort. Var. 4 
1 Anarkali 61324 100 60 37-78 sph. trs. SQey 
cls. & hem. 
2 Brocade 61314 100 76 | 68-81 sph. 
3 Cheerful 61328 100 §6 | 59-74 | ee 
4 Chromatiella 61301 100 73 62-78 | ” . 
5 Cleopatra 61310 100 73 | 62-81 | ” . 
6 Coquette 61346 100 68 | 62-74 ” oe 
7 Debutante 61334 100 73 68-87 . 
8 Dream 61340 100 66 59-87 ‘ . 
9 Duchess 61325 100 72 62-78 ae 
10 L£dith 61311 LOG 2 Pe ee 77 =| 62-87 ” 
ll Flamingo 61344 47 53 Tu 73 62-84 +. 
12 Florence 61316 100 we << 73 68-87 sg., Sph. a 
13 Gaekwar of Baroda } 61331 100 68 68-81 sph. 4 
14 Garibaldi 61329 100 : 70 | 62-74 $5 = 
15 Gladiator 61312 100 ve 76 62-93 = ee 
16 Gloria 61304 100 ee oe 77 62-87 | sph. hem., oe 
tri. cl, sq. 55 
17 Golden Wedding 61320 100 Ss 7 62-78 sph. 
18 Haydee 61307 100 : ee 69 | 62-87 ” ee 
19 Hedrt’s desire 61338 100 | : a 72 | 62-78 = Pe 
20 Jda~ 61347 100 oe ‘81 74-87 “ a 
21 Jester 61343 100 .e 71 62-78 + i 
22 King Humbert 61322 100 ¥ 78 | 62-99 ; 
23 Lord-Buddha 61333 100 od 81 68-118 _ . 
24 Cayaux 61318 100 ee 65 | 56-78 99 . 
25 Maharaja of Gwalior | 61339 100 3 ee 73 | 68-78 pe: 36 
26 Masterpiece 61336 100 . 71 | 62-81 tm as 
27 Mikado. 61345 100 : . 76 | 68-93 $ s 
28 Modest | 61309 100 é F 75 | 47-97 = - 
29 Mrs. Kate Gray 61323 100 iss ss 77 | 56-109 o 
30 Orange Duke 61342 100 é es 75 | 62-84 y ws 
31 Orange King 61319 100 : - 76 | 62-81 53 26 
32 Otomie 61326 100 yr re 72 | 68-78 53 ats 
33. President 61303 100 Se 24 78 | 62-99 a . 
34 Prince of Orange 61320 LOD Shh eh 4 74 | 62-81 y 4 
35 Prince of Wales 61337 100 es wi 75 | 62-81 A rs 
36 Prof. M.S. Thacker | 61317 85 15 7 83 68-93 . ; 
37 Queen of Italy 61327 100 fe et 79 62-109 . ee 
38 Rajaji 61302 LOO, iret oe es 65 56-74 | 4 iz 
39 Red Cauntlet 61308 100 . ac 71 62-81 +, % 
40 Romund Cloes 61335 100 ea : 76 | 68-81 = 5- 
41 Sangrilla 61306 100 ; Z 77 | 62-86 “4 oe 
42 Soldier Boy 61330 100 5 ; 72 | 62-81 _ on 
43 Stromboli 61314 100 & oe 75 | 62-109 * ore 
44 Tomthumd 61341 100 * AP 78 | 74-109 5! 5 
45 Torch m 61315 als 100 4 ee) e 78 62-93 By wait Fo ” ee 
46 Venus 61305 |° 100°)... oy) 8h | adeno e EY 
47 Wintser’s coléssat’ | 61348 |" 100 |. Tag | 68-06 |’ se., “tor. * 
48 Yellow Gal | 61332 100 oe on 71 62-78 sph. oe 


a a A a a a a ec ee A RE 


of Canna 
EXINE 
Ornamentation | Stratification Pollen 
Spinules | Spinules G ; ' | Finely Thickly “ 0f ae 

pointed Blane on Pony CHeaitusy baculate’| Baculate | Obscure uy 
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Abbreviations.—sph., spheroidal; tri., triangular; sq., square-shaped; c/b., club- 
shaped; hem., hemispheroidal. 
te.—In taking the percentage of the grains having different exine features: 
Tater columns 5-15 eri one group, and 14-16 form another group. They 
have been grouped so because the baculate grains (columns 14-15) present a psilate 
surface pattern and hence, considered together with other ornamentation types. In 
order to specifically indicate the percentage of grains with obscure or clear stratifica- 
tion, columns 14-16 have been considered together. The percentage of the grains 


with obscure stratification (column 16) includes those noted in columns 9-13. 


been noticed in different amounts in the different plants (Table 1). In 
the species C. indica there is only 1% sterility and so also in the variety 
Lord-Buddha, while it is 2% in Maharaja of Gwalior, 3%, in Cheerful, 
76%, in Mrs. Kate Gray and as high as 80% in President. In a few 
varieties as in Gaekwar of Baroda, partial sterility has also been noticed. 


DISCUSSION 


Erdtman (1952, p. 95) has described the pollen of Canna, as 
inaperturate, spheroidal, with an obscure stratification and bearing 
scattered spinules on the surface, though doubtfully psilate in 
C. orientalis. From the present investigation it follows that the above- 
mentioned general characters in exine morphology are typified in the 
species Canna indica and such grains are also present to a certain per- 
centage among the other varieties studied. 


Variation: in the different morphological characters have been 
observed among the various varieties. Aperturate grains having 
1-2 pores occur in Flamingo and Prof. M.S. Thacker. Erdtman (1944) 
noticed a similar increase in the number of apertures in the cultivated 
varieties of Triticale. 


The statistical assessment of the size range is useful in some cases, 
and “‘the plotting of measurements on a graph provides a characteristic 
curve which is useful not only as an additional character for reliable 
identifications but which also draws attention to aberrations due to 
the influence of methods of preparation or to immature spores”. 
(Harris, 1955, p, 11). In Canna the range of size within a variety may 
be large, as in Anarkali, Lord-Buddha and Modest, or small as in 
Coquette and Maharaja of Gwalior, and in the species Canna indica. 
This tends to show that the latter two varieties are more akin to the 
wild species C. indica. Large variations in size and the occurrence of 
‘giant’ grains have been often recognised among cultivated plants as 
being the result of polyploidy (Rangaswami, 1935; Mukherji, 1951; 


Sampat and Ramanathan, 1951 and others) which can be expected 
in the varieties of Canna too. 


Significant variations have been noticed in the ornamentation and 
stratification of the exine. There are grains with blunt spines (Text- 
Fig. 5), gemmate excrescences (Text-Fig. 6) or a smooth surface (Text- 
Fig. 7). Sometimes, the uppermost part of the exine (tegillum) is 
segmented in a vertical plane (Text-Fig. 8). The exine may also be 
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Text-Fics. 1-10. Fig. 1. Palynogram of C. indica. A. Quarter of a grain 
(1,000); B. Stratification (x2,000);> C. LO—pattern (x2,000). Fig. 2. 
Pollen grains of Canna varieties showing apertures (x 250): (a) with one pore; 
(b) with two adjacent pores. Fig. 3. Pollen grain shapes in Canna varieties (x250): 
(a) oval, (b) triangular, (c) hemisphzroidal, (d) elliptical, (e) club-shaped. Fig. 4. 
An aborted grain (250). Figs. 5-10. Exine stratification and ornamentation 
in the pollen of Canna varieties (2,000): Fig. 5. Exine with blunt spines. 
Fig. 6. Exine showing gemmae. Fig. 7. Psilate Exine. Fig. 8. Exine divided 
(Tegillum). Figs. 9-10. Baculate Exines. a, intine; am., annulus; b, exine; 
ba., baccula; c, spines; p., pore; ¢ (2), tegillum. 


either provided with fine (Text-Fig. 9) or thick bacula (Text-Fig. 10), 
partially or wholly affecting the exine of a grain. It has been pointed 
out that these various grains occur in the same variety as in Debutante. 
This fact may be taken as an evidence of the possible reduction of the 
excrescences from pointed, through blunt, and verrucate to the psilate 
condition. The first stage of the tendency to a vertical partition of the 
exine is evidenced in the grains in which the uppermost part (tegillum) 
is segmented. A deeper segmentation of the exine can account for the 
origin of grains with a finely or clearly baculate wall. 


It has been noted earlier that a certain proportion of the pollen 
grains in most varieties are sterile. Pollen sterility is known to account 
for the low yield of fruits in Areca catechu (Raghavan and Baruah, 1956 a) 
and has been associated with the fall of buds in Thespesia populnea (Rao, 
1923). Moreover, it is important to know the amount of fertile grains 
in a variety before making a cross with that plant. In the present study 
it has been noticed that the percentage of sterility was minimum forming 
only 1% in the variety Lord-Buddha as also in the species C. indica, 
while the maximum forming 80°/ was in President (Table 1). 


Wodehouse (1935, p. 164) mentions that sometimes individual 
grains do not separate from the pcllen mother cell and they remain 
united. In Canna also, such a possibility is apparent in those grains 
which look to be constricted in the middle. 


From the above account it follows mainly that the variations in 
pollen morphology may possibly form a basis of interpreting the inter- 
relationship among plant varieties. 


SUMMARY 


Pollen morphology of 48 varieties of Canna and of the commonly 
known Indian species C. indica hes been worked out, Porate grains, 
and grains showing clear exine stratification have been significant, apart 
from other morphological variations among the varieties. The per- 
centage of pollen sterility among the plants studied has also been noted. 
It is apparent from the investigation that the variations in pollen mor- 
phology may form a basis of interpreting the interrelationship among 


the varieties. 
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STUDIES ON THE INTERSPECIFIC HYBRID 
OF PENNISETUM TYPHOIDES x 
P. PURPUREUM 


V. The Cytology of an Allotriploid Plant 


By V. S. RAMAN AND D. KRISHNASWAMY* 


Agricultural Research Institute, Coimbatore 


(Received for publication on May 23, 1959) 


THE cytology of ten allotetraploid plants of Pennisetum was described 
in a previous paper (Krishnaswamy and Raman, 1956). Nine of these 
were reasoned out to possess the genomes AAA’B, where A is the basic 
genome of the pearl millet, P. typhoides Stapf. and Hubb., (27 = 14) 
and A’B are those of the Napier grass, P. purpureum Schumach 
(2n = 28). P. typhoides was pollinated with allotetraploid-I plant 
and from the seeds of this cross, an allotriploid (2 = 21) and an allo- 
pentaploid (2m =35) were raised. The cytology of the triploid 
is briefly discussed in this paper. 


MATERIAL AND METHODS 


The panicles were fixed in acetic-alcohol and the anthers were 
squashed in acetocarmine. Camera lucida drawings were made at 
table level using a x95 objective and x20 ocular at a magnification of 
x 2,250. 


OBSERVATIONS 


The allotriploid was rather short in stature, and tillering sparsely. 
Panicles were long and the spikelets were linear with long bristles. The 
meiosis revealed trivalents, bivalents and univalents at diakinesis. The 
frequent association was 3,,, + 6, (Text-Fig. 1) though occasionally 
2n+7,+1, or ly +8,+2, were noted (Text-Fig. 2). Two 
bivalents were seen attached to the nucleolus. At metaphase-I, the 
trivalents and bivalents congress at the equator while the univalents 
are scattered in the spindle (Text-Fig. 3). While the bivalents disjoin . 
normally, the trivalents are separated at random, giving usually 10-11 
(Text-Fig. 4) or sometimes 9-12 distribution at anaphase-I. Uni- 
valents, if present, congress at the equator afterwards and often revealed 
a marked tendency to lag (Text-Fig. 5). Frequently these laggards 
were left unincluded in the telophasic nuclei (Text-Fig. 6), and are 
lost in the cytoplasm. Rarely the univalents divided, giving rise to 
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Text-Fics. 1-8. Fig. 1. Diakinesis showing 3,,; + 6y. Fig. 2. Same with 
lian + 8 + 2;. Fig. 3. Metaphase I with the univalents scattered in the spindle. 
Fig. 4. Anaphase-I showing 10-11 distribution. Fig. 5. Same with a probable 
9-12 distribution. Fig.6. Telophase-I showing lagging univalents. Fig. 7. Second 
prometaphase. Fig. 8. Tetrad showing an excluded univalent in one quartet. 


chromatin bridges. The second division was more regular (Text- 
Fig. 7). The tetrads were normal, although rarely, a chromosome was 
found not included in one of the nuclei (Text-Fig. 8). Pollen sterility 
was 87% and seed setting was nil on selfing. 


DISCUSSION 


It is clear that this triploid has derived one full A genome (” = 7) 
from its female parent, P. typhoides. But the analysis of the remain- 
ing 14 chromosomes contributed by the allotetraploid can only be specu- 
lated since the allotetraploid forms, during meiosis, associations vary- 
ing from 1,, +7, +11, to 7,4, +7, and the anaphasic distribution 
also varies from 14/14 to 16/15. Random disjunction of trivalents 
and random distribution of the univalents in the allotetraploid meiosis 
may take place in highly assorted combinations. Unreduced pollen 
are also produced as is evident from the production of the pentaploid 
mentioned in the introduction. 


If the genomic constitution of the allotetraploid is AAA’B and if 
the chromosomes of A genome are represented as A-G, those of A’ 
as A’-G’ and those of B as H-N, then it is possible that the pollen parent 
has contributed the following 14 chromosomes: AA’BB’CC’ DEFGH- 
IJK. In that case, the last four belonging to the B genome are auto- 
syndetic forming bivalents in the triploid. The B genome has been 
observed to form 1-3 autosyndetic bivalents in the F, of P. typhoides x 
P. purpureum (Krishnaswamy and Raman, 1953) and in the allotetra- 
ploid also (Krishnaswamy and Raman, 1956). But it is felt that, in 
the allotriploid, none of the chromosomes of the B genome was contri- 
buted by the pollen parent as the autosyndetic chromosomes were not 
noted as univalents in at least occasional cases. The univalents were 
formed only by one or two trivalents breaking into bivalents and uni- 
valents. Moreover, it was noted that the allotriploid had four nucleo- 
lar chromosomes instead of three as expected of triploids. These 
nucleolar chromosomes were observed as two bivalents. The allo- 
tetraploid parent has four nucleolar chromosomes which form 1,,, + 
1,, 1, + 2, or rarely 2,,. Since the allotetraploid has contributed three 
nucleolar chromosomes to the triploid it is evident that the nucleolar 
trivalent should have moved to one pole without disjoining in the meio- 
sis of the allotetraploid. In this case, all the chromosomes of the tri- 
ploid are accounted for except two, whichform a bivalent. These 
may be an autosyndetic pair of the B genome, or more likely to be due 
to a second trivalent included, without disjoining, in the sperm. But 
the former suggestion is not probable since the triploid does not reveal 
any unaccounted univalent and since it is susceptible to rust. The F,, 
the amphidiploid and the allotetraploid were known definitely to possess 
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one of two B genomes and they were all highly rust-resistant. So the 
following chromosome constitution is suggested for the allotriploid: 


Pennisetum typhoides Allotetraploid 
Genomes AA—7,, Genomes AAA’B—7,,, + 7, 
ABCDEFG ABCDEFG 
ABCDEFG ABCDEFG 
| A’‘B’C'D’E’F'G’ 
HIJKLMN 
Egg-genome-A Sperm (mixed chromosomes of 
AAA’ genomes) 
ABCDEFG a / ABCDEFG 
AS Wg A‘B'C’D’E’ 
Nien DE 
Pee 
Allotriploid 
a — 6, 


AAA'BBB’CCC’DDDD’EEEE’FFGG 


By similar crosses, other types of allotriploids, each different in 
genomic constitution, can be produced and it may not be impossible 
to utilize these triploids to secure even fertile allodiploids with just the 
A and A’ genomes by further pollination. 


SUMMARY 


The cytology of an allotriploid plant of Pennisetum derived by 
crossing P. typhoides with an <llotetraploid has been described. The 
genomic constitution of this triploid has been analysed and it has been 
concluded that no chromosome of the B genome has been contributed 
by the allotetraploid male parent and consequently the allotriploid 
is constituted of mixed chromosomes of only A and A’ genomes. 
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Shorea robusta forests occupy an area of about 2,727 square miles :n 
the State’ of Uttar Pradesh in the humid tropical region roughly con- 
fined between 76° E. longitude and 31° N. latitude. Dueto its vast 
area and varied topogtaphy with variable climate, plants of different 
habitats occur in different types of sal (Shorea robusta ) forests. Accord- 
ing to Champion’s (1936) classification the study was conducted in some 
A;, Ag, Bg and B, types of sal forests in the Dehra Dun, Bahraich, North 
Kheri, South Kheri, Haldwani, Ramnagar and Gorakhpur forest divi- 
sions of U.P. 


In all 290 species belonging to 56 families were collected. The 
collections were made in different flowering seasons along with the eco- 
logical studies of Sal forests of different types. 


The most common species of the upper storey is Shorea robusta, 
it constitutes about 65-95 per cent of the upper storey with 100 per- 
cent frequency. Other tree species which are common in the upper 
storey are Terminalia tomentosa, Adina cordifolia, Terminalia belerica 
and Lagerstroemia parviflora. The commoner species of the lower 
storey are Mallotus philippensis, Miliusa velutina, Syzygium cumini, 
Ougeinia dalbergioides, Ehiretia laevis and Bauhinia retusa which occur 
in high percentage frequency and density. Less common ones are 
Kydia calycina, Cassia fistula, Butea monosperma, Litsaea chinensis, 
Bridelia retusa, Holarrhena antidysentrica, Diospyros tomentosa, Bau- 
hinia spp., etc. Most common shrub species are Clerodendrum infortu- 
natum, Moghania chapper, Carissa opaca, Murraya koenigii, Colebrookia 
oppositifolia, Helicteres isora, Randia dumetorum, Glycosmis penta- 
phylla, and among climbers Millettia auriculata, Bauhinia vahlii, Acacia 
pennata, Butea parviflora, etc. Common grasses are Erianthus munja, 
Saccharum spontaneum, Chrysopoegon montanus, Imperata cylindrica, 
Eulaliopsis binata. The common: ground floor species are Oplismenus 
compositus, Urena lobata, Melilotus indica, Sida veronicaefolia, Cynodon 
dactylon, Justicia simplex, Ageratum conyzoides, Tridex procumbens, 
Oxalis corniculata, etc. 


_ Pinus roxburghii is generally found to occur ut high altitudes asso- 
ciated with A, types of sal forests, Among ferns Adiantum sp. and 
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Lygodium flexuosum are most commonly met with, a species of Ophio- 
glossum is also found to occur under dense shade of ground floor vege- 
tation. In more moist places mosses are met with on bare ground 
under shade. 


The phytosociological studies were conducted during the studies for 
assessing the floristic composition of these forests. The phytosociological 
characters, noted in the field were Dominance, Sociability, and Strati- 
fication. The method followed was essentially the same as propounded 
by Braun-Blanquet but with slight modification in scale, accord- 
ing to Bharucha and DeLeeuw (1957). They have grouped the usual 
characters of-‘“dominance’ and ‘abundance’ in a single determination, 
called “dominance’. Thus, each individual species is classified for its 
dominance and sociability. 


For dominance the following scale was adopted :— 


+ When the number of individuals and the area covered are both 
very small. 

1. When: the number of individuals is rather large but the area 
covered is small. 


2. When individuals: are very numerous and the area covered is 
at least 1/20 of the surface. 


. Any number of individuals covering from 1/4 to 1/2 of the area. 
. Any number of individuals covering from 1/2 to 3/4 of the area. 
. Any number of individuals covering more than 3/4 of the area. 


n Bp W 


For sociability the following scale is used:— 
. Shoots growing singly. 

. In small groups. 

. In big patches or cushion. 

. In small colonies. 

. When species cover an extensive area. 


nA BWN 


If the individuals are densely crowded the sociability number is 
accompanied by a continuous line under the number (—) but if they 
are more or less separated then by a dotted line (..). Thus every indi- 
vidual plant is characterised by two numbers, the first indicating its 
dominance and the second its sociability. 


_ During the floristic composition studies the following seven com- 
munities were recognised in the area investigated :— 
. Sal-Anogeissus-Colebrookia community. 
. Sal-Terminalia—Glycosmis community. 
. Sal-Ougeinia—Carissa—Sida community. 
Sal-Terminalia-~-Moghania community. 
Sal-Lagerstroemia—Pogostemon community. 
. Sal-Syzygium-Randia-Ageratum community. 
. Sal-Ougeinia-Colebrookia community. «.- ~-——-—-——------ 
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In Table I the numbers 1-7 indicate the seven plant 
communities, The first figure indicates dominance and the second 
figure indicates sociability. Only selected associates of Shorea robusta 
are included in the table. 


TABLE | 
Communities 
Species 

1 2 3 4 7 6 a 
Acacia pennata +1 +°1 +°1 4:1 +:-1 +1 
Adina cordifolia +1 +-1 +:1 +°1 +:-1 +-1 +-1 
Adiantum sp. +-1 +:1 1-2 2-2 2-2 Osis es 
Ageratum conyzoides 1-1 =e ‘ 2-2 2-1 21 
Anogeissus latifolia “Po been Diep od a os — 
Asparagus racemosus ate Ts at - tel +1 +1 
Bauhinia retusa eo tl +:1 +°1 4+:1 +:1. 4:1 
Bauhinia vahlii bee Pes (2h eed 22524122. P22 eel 
Butea monosperma +-1 +:1 1:1 +-1 +:1. +:1 
Bridelia retusa +-1 +-1 +-1 +4+-1 .. we +:1 
Buchanania lanzan +-1 +°-1 +-1 +1 +-1 joel 
Carissa opaca So En SN oA Baek . tl +:1 
Casaeria tomentosa +:-1 +:1 +-1 +:1 +1 
Cassia fistula aioe) ote, a 1-1 +-1 +:1 
Chrysopogon montanus Ds PY fe Wed Ae ¥ 
Clerodendrum infortunatum + 1 if 2-1 «2:2 2: 22 2 2:1 
Colebrookia oppositifolia 2-1 +°-1 +1 +-1 +4. F +:1 2-1 
Cynodon dactylon sae See GP? Ge ) Ge oe nn oc ee a | 
Desmostachya bipinnata .. 2:2 +:1 2-2 +>:1 3 
Dioscorea belophylla + 1 a oo? ae ‘1 +-1 +:1 +: 
Diospyros tomentosa U2 Ud do ped ee LS ea 
Ehretia laevis Sy eet Ce Gabe ES PRES 271. +1 1-1 
Erianthus munja 1-2 D200 P 1 240515290 Os 2re 22 eon 
Eulaliopsis binata HQ} 2 oS VC Bago hae 
Garuga pinnata so Awe tay 
Glycosmis pentaphylla one) est OSEN Tt ot raed | 
Helicteres isora at mE tee 5 | a ed | ne 
Holarrhena antidysenterica SE eke eee 2-1 1°41 5.4 
Hymenodictyon excelsum Heh esd ed ed gt yy 
Ichnocarpus frutescens .. Ores Mech? Lh dost Seay ule 
Imperata cylindrica : 1 2 2+2 2 Ey eee rt pee Ce 
Justicia simplex LCase Tear Te bes a ek Oe ey Pee 
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TABLE I (Contd.) 


; Communities 
Species 


1 2 3 4 5 6 7 


Kydia calycina Ae Fel +-1 421 +°1 4-1 +-1 
Lagerstroemia parviflora ol +:1°++1 4-1 2:1 4-1 +-1 
Lannea coromandelica +-1 +:-1 4-1... +*1 +:1 
Lantana indica .. Ne ed fe eho, is 
Litsaea chinensis eh od Hed +1 +-1 +-1  ., 
Litsaea chinensis Gecdlings) AN leer este ee te te ee ff 
Mallotus philippensis (seedlings) PRG). Wei Sa | 9 2 eter Ba ae I ee Jee) 

_. Mallotus philippensis Bic am seem Si ae S23 pe htoce, 2 
Malva sylvestris TPO Arete Eh GES fp Wace Be ‘3 
Milletia auriculata 1a ea | ‘2 1 2 2-2 2: "2 2:2 2:2 
Miliusa velutina ed el Keel na 1: | D2 en9.4 
Moghania chapper +:1 +-1 2 ‘2 +-1 +:-1 +1 
Moghania macrophylla 1s Lt 8 eye eC Ie ee Sh Neceea | 
Murraya koenigii Drie) Aeneas) ret So feet at ef 
Oplismenus compositus speek ose ogh cei ele) ete lcb hs olay |e eles) 
Qugeinia dalbergioides beet tee inten eo aft, ee fe tf 2h 
Ophioglossum sp. Dit een leoy 1-1 2 ‘2 
Pogostemon plectranthoides +-1 1:1 ian Ol fate at 
Randia dumetorum 5g LOSS 0S eae sh aes 8 ae 2 eee | 
Saccharum spontaneum Pee patdaysl “24-2 2-2 2-2 2 "2 
Schleichera oleosa ; ea 5 +:1 +°:1 +-1 +-1 
Sida cordifolia .. Se SCR eee) Sst ee eee est 
Sida humilis +l 1:1 +:1- 4-1 +:1 +-1 4-1 
Smilax prolifera > De1 +1 4-1 +-1>+-1 +71 4-1 
Spatholobus parviflorus +-1 Stagl) Laegh SeBT) ay eaten] 
Stereospermum suaveolens SONS hee Sete Oh hes iiay | ee Ee beet on | 
Syzygium cumini ie ae a a! Ge CS Ss eA a 
Syzygium cumini (scedlings) BOLE Ea GES (Fo SG Ee eee ay ene oe | 
Shorea robusta .. Ss) po eae Oro o- e 5s 5 2 5), OS 
Shorea robusta (caine) Hee Cecil ag kOh lS Pep) ey ea Ky Eee | 
Shorea robusta (poles) +-1 +-1 +:1 1:1 %«-1 1-1 +51 
Terminalia tomentosa BH oe ANI 2 EG ee hs fee ol Wee ieee | 
Terminalia belerica +:1 Sy ets at ae ae | ag 
Themeda arundinaceae +:2.. ae De =9)5 2 1- 2 
Tridax procumbens +-1 2 “2 Sete Lies we a : 
Urena lobata 1:2 -+:1 +-1 +-1 +4+:-1 2-1 2:2 
Vernonia roxburghii desf> ef ee] et aS Pale a | 
Vitis rependa. .. —o ssn belo cls ieee ist = f AE 
Zizyphus mauritina .. ... Ee Io er hea 4 1 : 

lor eed ae S| Se q 


Zizyphus xylopyra |: 
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Studies on these lines indicate that Shorea robusta is the most 
dominant species of these forests, with high frequency and density. 
It shows the highest dominance, in all the seven communities. It over- 
saturates the communities of Sal-Syzygium-Randia-Ageratum and 
Sal-Ougeinia-Colebrookia in which it covers more than 85 per cent 
of the area of the quadrat. 


Anogeissus latifolia is generally found to occur in good number 
in the upper storey in only three communities, vwiz., Sal-Anogeissus- 
Colebrookia, Sal-Terminalia-Glycosmis and  Sal-Ougenia-Carissa-Sida 
communities. 


It is well represented in Sal-Anogeissus-Colebrookia community, 
in other communities it is represented poorly. Terminalia-tomentosa 
and Lagerstroemia parviflora ate present in all the seven communities 
but it is only in the Sal-Terminalia-Glycosmis and Sal-Terminalia- 
Moghania communities that Terminalia tomentosa is wel] represented 
and Lagerstroemia parviflora in Sal-Lagerstroemia-Pogostemon com- 
munity. 


Mallotus philippensis occurs in the lower storey in all the seven 
communities and is the most dominant species. At a few places, how- 
ever, the individuals are somewhat crowded. The occurrence of Miliusa 
velutina is selective. Such a distribution points to the fact that this 
species is associated with comparatively better sites for sal regeneration. 
Ougenia dalbergioides and Syzygium cumini of the lower storey are found 
to occur in all the seven communities. Ougeinia dalbergioides in Sal- 
Ougeinia-Carissa-Sida and Sal-Ougeinia-Colebrookia communities and 
Syzygium cumini in Sal-Syzygium-Randia-Ageratum communities are 
well represented. 


In the shrub strata, Clerodendrum infortunatum occurs in all the 
seven communitics studied. In moist sal types this species is found to 
vecur with high dominance and sociability. This species is found to 
occur in higher dominance and sociability in rather good sal regeneration 
areas. Adiantum sp. in the ground-floor quadrats almost followed a 
pattern similar to Clerodendrum infortunatum except that the individuals 
of this species are crowded, This species too is found with higher- 
dominance and sociability at places with good or comparatively better 
sal regeneration. 


Glycosmis pentaphylla occurs in all communities but it is only in 
Sal-Terminalia-Glycosmis community that it serves to characterise the 
community ; similar is the case with Carissa opaca, Pogostemon plectran- 
thoides, and Randia dumetorum. Carissa opaca bears a high index of 
dominance and sociability in Sal-Ougeinia-Carissa-Sida community. 
Randia dumetorum is dominant in Sal-Terminalia-Glycosmis and Sal- 
Syzygium-Randia-Ageratum communities. - Pogostemon plectranthoides 
is dominant in Sal-Lagerstroemia-Pogostemon community only. Cole- 
brookia oppositifolia occurs in all communities but only in Sal-Ano- 
geissus:Colebrookia. and Sal-Ougeinia-Colebrookia communities it 


PHYTOSOCIOLOGY OF SAL FORESTS 391 


carries higher dominance. Moghania chapper occuts in most of the 
communities but it is found with a high index only in Sal-Terinaliam- 
Moghania community. 


Among climbers Bauhinia vahlii and Millettia auriculata occurs in 
aj] the communities with high figure of dominance and sociability. 
Millettia auriculata attains 2-2 in most of the communities, the indi- 
. viduals of this species being somewhat crowded. 


Grasses, wherever they occur, are mostly found to have higher 
figures, at least of sociability, that is they are almost crowded. Sac- 
charum spontaneum and_Erianthus munja are two very common grasses. 


_ Ageratum conyzcides and Sida veronicaefolia in the ground floor 
strata are found to occur with higher figures in Sal-Syzygium-Ageratum 
and Sal-Ougeinia-Carissa-Sida communities respectively. 


Seedlings of Shorea Robusta, however, show variable dominance 
and sociability, in different communities. The dominance and socia- 
bility figures recorded do not go beyond 2:2. Jn the Sal-Anogeissus- 
Colebrookia community the dominance is the Jeast, that is a small 
number of sal seedlings cover only a small part of the ground-floor 
quadrat. The highest figure for dominance and sociability is in Sal- 
Lagerstroemia-Pogostemon, Sal-Terminalia-Moghania and Sal-Syzygium- 
Randia-Ageratum communities.° These communities, therefore, enioy 
comparatively more favourable conditions, so far as the natural re- 
generation of sal is concerned. 


The species found in different types of sal forests are given in 
Table II. The families, genera and species are arranged in alphabetical 
order. The habit of plants is recorded in column 2 and their 
association with different types of sal forests is recorded in columns 
3 and 4. If a species is mostly associated with one or more than one 
particular type of forest its main occurrence is noted in column 3 and 
its accessory occurrence in column 4. The associations of these species 
with particular types of forests are noted on the basis of quadrat studies. 


TABLE II 
: Occurrence 
Botanical Name Habit ra 
Mostly occurs Also occurs 
in in 
1 : 2 3 4 
ACANTHACEAE 
Adhatoda vasica Nees. Ever green shrub A» B, 
Barleria cristata Linn. Herb As Ay 
Daedalacanthus nervosus 
T. Anders Shrub B; are 
Hemigraphis latebrosa Nees. Herb B, By 
Dicliptera roxburghiana Nees. Herb Bs By 
Justicia simplex D. Don. Herb In all types In all types 


Phlogacanthus thyrsifiorus 
Noes Shrub B, As 
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Botanical Name 


AMARANTHACEAE 
Achyranthes aspera Linn. 
Aerva sanguinolenta (Linn.) 

Blume. 


Amaranthus paniculatus Linn. 


ANNONACEAE 
Miliusa tomentosa (Roxb.) 
J. Sinclair 
Miliusa velutina Hk.f. & T. 


ANACARDIACEAE 


Buchanania lanzan Spreng. . . 


Lannea coromandelica 
(Houtt.) Merr. 
Mangifera indica Linn. 
Semecarpus anacardium L. f. 
Spondias pinnata Kurz. 
APOCYNACEAE 
Alstonia scholaris Br. 
Carissa opaca Stan. 
Holarrhena antidysenterica 
Wall. 
Ichnocarpus frutescens Br. 
Vallaris solanacea K. Ktze. 
Wrightia tomentosa R. & S. 


ASCLEPIADACEAE 
Calotropis procera R.Br. 


Cryptolepis buchanani Roem. 


Holostemma rheedianum 
Spreng. 
Pertoloce calophylla Falc. 
BIGNONIACEAE 
Oroxylum indicum Vent. 
Syed col As suaveolens 


BIXACEAE 
Flacourtia indica (Burm.f.) 
Merr. 
Flacourtia jangomas (Lour.) 
Raeousch 
BORAGINACEAE 
Cordia dichotoma Frost. 
Cynoglossum lanceolatum 
Frost. 


‘Ehretia laevis Roxb. a 


BURSERACEAE 

Garugé pinnata Roxb. 
CAPPARIDACEAE 

Crataeva religiosa Frost. 


Occurrence 
Habit 
Mostly occurs Also occurs 
in in 
2 3 4 

Herb Ag B; & B, 
Herb B; By 
Herb Ag Bs 
Deciduous tree Bg B, 
Deciduous tree In alltypes In all types 
Evergreen tree Ay A, & B, 
Deciduous tree B, & B, Ag 
Evergreen tree Bs By 
Deciduous tree Ay B, 
Deciduous tree .. B, B, 
Evergreen tree B, B, 
Evergreen shrub Ag A, & B,; 
Deciduous tree B; By, Ay & A, 
Twining shrub B, s 
Twining shrub Ags Ay 
Deciduous tree B, B, 
Shtyb Ag B, 
Climber B, B, 
Climbing shrub Ao A; 
Shrub B; B, 
Tree Bs Ag 
Deciduous tree B, & B, A; 
Evergreen tree A, & Bs B, 
Tree B, & A, B, 
Deciduous tree B; B, 
Herb Bs B, 
Deciduous tree Inalltypes In all types 
Deciduous tree, By & Be Apa Ae 


Deciduous tree Ay Ag 
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Botanical Name 


Occurrence 


CELASTRACEAE. 
Celastrus peniculatus Willd. 
Elaeodendron glaucum Pers. 


COMBRETACEAE 
Anogeissus latifolia Wall. 
Combretum decandrum Roxb. 
Terminalia arjuna Bedd. 
Terminalia belerica Roxb. .. 
Terminalia chebula Retz. 


Terminalia tomentosa W. & A. 


COMPOSITAE 
Ageratum conyzoides Linn. 
Artemisia vulgaris Linn. 
Bidens biternata (Loutr.) 

Merr. & Shroff 

Blumea oxyodonta DC. 
Cotula pene Wall. 
Crepis acaulis Hk.f. oe 
Erigeron asteroides Roxb. .. 
Gnaphalium indicum Linn. 
Inula cappa DC. 
Laggera flava B. & Hk.f. .. 
Launaea aspleniifolia Hk.f. 
Saussurea candicans Cl. 
Siegesbeckia orientalis Linn. 
‘Sonchus arvensis Linn. 
Tridax procumbens Linn. 
Vernonia roxburghii Less. 


CONIFERAE 
Pinus roxburghii Sarg. 

_ CONVOLVULACEAE 
Ipomea hispida R. S. 
Ipomea muricata Jacq. 

COoRNACEAE 
Alangium salvifolium (Linn. f. ) 

Wang. 

CYPERACEAE 
Cyperus rotundus Linn. 
Cyperus uncinatus Poir. 


DILLENIACEAE 
Dillenia indica Linn. 
DIOSCOREACEAE 
Dioscorea bulbifera Linn. 
Dioscorea belophylla Voigt.. 
EBENACEAE 
Diospyros cordifolia Roxb. 
Diospyros montana Roxb. .. 
Diospyros peregrina (Gaertn.) 
Gurhe. 
Diospyros tomentosa Roxb. 


Habit 
in 
M 3 
Climber B, 
Tree Bs 
Tree Ay 
Climber Bs 


Deciduous tree 
Deciduous tree 
pres 

Deciduous tree 


Bs 
In all types 


Bs, 
In all types 


Herb Bs 
Shrub As 
Herb B 
Herb Bs 
Herb Bs 
Herb Bs 
Herb Bs 
-Herb Bs 
Shrub Bs 
Herb & 
Herb In all types 
Shrub B; 
Herb Bs 
Herb As 
Herb As 
Herb Tn all types 
Tree , Ay 
Climber B, 
Climber Bs 
Shrub Ag 
Herb. Ags 
Herb. As 
Tree B, 


In all types 


Twining shrub 
Tn all types 


Twining shrub 


Shrub B;, & Ag 
Tree Bs 
Evergreen tree Bs 
Tree In all types 


Mostly occurs Also occurs 


In 


In all types 
By 
In all types 


In all types 
4 

By 

B; 
Tn all ‘types 


In all types 


In all types 


By & As 
In all types 
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Occurrence 
Botanical Name Habit 
Mostly occurs Also occurs 
in In 
1 2) 3 4 
Ee tees See ees et eS ieee 
ELAEGNACEAE 
Elaegnus latifolia Linn. Shrub B, By 
EUPHORBIACEAE 
Antidesma diandrum Roth. .. Deciduous shrub Bs By & Ag 
Baliospermum montanum 
Muell. Shrub Bs By 
Bridelia retusa Spreng. .. Deciduous tree B; & B, Ag 
Croton oblongifolius Roxb: Herb 3 4 
Emblica officinalis Gaertn. Deciduous tree Inalltypes In all types 
Glochidion assamica Hook.f. Tree ; By 
Glochidion velutinum Wt. .. Tree A, & Bs By 
Jatropha curcas Linn. -. Shrub Bs; Ag 
Mallotus philippensis Muell. | Evergreen tree In all types In all types 
Putranjiva roxburghii Wall. Tree B, By 
Sapium sebiferum Roxb. Deciduous tree B, B, 
Trewia nudifiora Linn. Deciduous tree A, & Bs Ag 
GERANIACEAE 
Oxalis corniculata Linn. Herb B, & By, Ay 
GRAMINAE 
Apluda mutica Linn. Annual Ay Bs 
Apluda aristata Hack. Perennial B, B, 
Arundinella nepalensis Trin. Perennial Ay Ag 
Arundo donax Linn. . Perennial B, By 
Bothriochloa pertusa Linn. .. Perennial By Bs 
Bothriochloa intermedia 
A. Camus. Perennial Bg B, 
Capillipedium assimile 
A. Camus. Perennial B, By 
Chloris incompleta Roth. Perennial By Bs 
Chrysopogon aciculatus 
(Retz.) Trin. Perennial A, & Ag By 
Chrysopogon montanus Trin. — Perennial A, & Ay Bs 
Cymbopogon parkeri Stapf. Perennial Ay By 
Cymbopogon jwarancusa 
Schult. Perennial Ay As 
Cymbopogon martini Wats. Perennial , Bs By 
Cynodon dactylon Pers. Perennial Inalltypes In all types 
Desmostachya bipinnata 
(Linn.) Stapf. Perennial Ag B; & By 
Dichanthium annulatum 
Stapf. Perennial Ag By 
Eragrostis elegantula Steud. — Perennial B, Bs 
Erianthus munja Jeswiet. Perennial Ay & Bg By 
Erianthus procerus Raizada Perennial By B, 
Erianthus ravennae Beauv. .._ Perennial 4 B; 
Eulaliopsis binata Hubb. Perennial Inalltypes  Inall types 
Heteropogon contortus Beauv. Perennial Ay A, & Bs 
Imperata cylindrica Beauv. .. Perennial A, & Bg By 
Microstegium ciliatum 
A. Camus. Perennial Bg B, 
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Occurrence 


Botanical Name Habit 
in 
1 D 3 
Narenga porphyrocoma 

(Hance) Bor. Perennial B, 
Oplismenus compositus 

Beauv. Perennial In all types 
Paspalum longiflorum Retz. — Perennial 7 
Phragmites maxima Chiov. Perennial B; 
Pseudosorghum fasciculare 

A. Camus. Annual By 
Rottboellia compressa Linn. Perennial B; 
Saccharum spontaneum Linn, Perennial In all types 
Sclerostachya fusca 

Camus. Perennial Bs 
Setaria lutescens Hubb. Annual Bg 
Themeda anathera (Nees) 

Hack. Perennial Bs 
Themeda caudata (Nees) Dur 

& Jack. Perennial Bs 
Themeda arundinacea 

Ridley. Perennial Bg , 
Themeda longispatha Raizada 

Jain Perennial Bs 
Themeda quadrivalvis O.Ktz. Annual B, 
Themeda strigosa (Ham.) 

A. Camus. Perennial Bs 

Vetiveria zizanioides Nash. Perennial Ay & By, 
LABIATEAE 

Ajuga bracteosa Wall. Herb Bs 

Colebrookia oppositifolia 

Smith. Shrub In all types 
Nepeta hindostana (Ham.) 

Haines Herb Bs 
Pogostemon plectranthoides 

Desf. Gregarious shrub By 

LAURACEAE 
Litsaea chinensis Lamk. .. Evergreen tree B, 
Litsaea monopetala (Roxb.) 

Pers. Evergreen tree Bs 
Machilus odoratissima Nees. Tree Ay 
Phoebe lanceolata Nees. Evergreen tree Bs 

LEGUMINOSAE : 
Acacia arabica Willd. Tree Ag 
Acacia catechu Willd. Tree As 
Acacia eburnea Willd. Deciduous tree Ag 
Acacia farnesiana Willd. Shrub Ag 
Acacia pennata Willd. Climber B, 
Albizzia labbek Benth. Deciduous tree As 
Albizzia odoratissima Benth. Deciduous tree Ay 
Albizzia procera Benth. Tree Ay 
Alysicarpus rugosus DC. .. Under shrub Bs 
Atylosia plactycarpa Benth. Herb Bs 


Mostly occurs Also occurs 


in 
4 


By 
Tn all types 
4 
B, 
Bs 
Ay 
In all types 


B, 
By 


By 
In all types 
Ay & By 
B, 


A, & By 
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Botanical Name 


1 


Pe 5 a i De ae ee eS ES ee eS 


Bauhinia purpurea Linn. 
Bauhinia racemosa Lam. 
Bauhinia retusa Ham. 

Bauhinia vahlii W. & A. 
Bauhinia variegata Linn. 
Butea monosperma Ktze. 
Butea parviflora Roxb. 


Cajanus cajan (Linn.) Millsp. 


Cassia fistula Linn. 

Cassia mimosoides Linn. 
Cassia tora Linn. 
Crotalaraia sericea Retz. 
Dalbergia sissoo Roxb. 
Dalbergia volubilis Roxb. 
Desmodium cephalotes Wall. 
Desmodium gangeticum DC. 


Desmodium pulchellum Benth. 


Erythrina suberosa Roxb. 
Indigofera hirsuta Linn. 


Indigofera pulchella Roxb. ek 


Melilotus indica All. 

Millettia auriculata Bak. 

Moghania chapper (Ham.x. 
Bth.) O.Ktze. 

Moghania congesta O.Ktze. 

Moghania macrophylla 
(Willd.) O.Ktze. 


Qugeinia dalbergioides Benth. 


Habit 


2 


Tree 
Deciduous tree 
Tree 

Climber 

Tree 
Deciduous tree 
Robust climber 
Shrub 

Tree 

Herb 

Herb 

Under shrub 
Tree 

Climber 

Shrub 

Under shrub 
Shrub 
Deciduous tree 
Herb 

Shrub 

Herb 
Gregarious climber 


Shrub 
Shrub 


Shrub 
Tree 


Pileostigma malabaricum Roxb. 


Benth. 


Pterocarpus marsupium Roxb. 


Pueraria tuberosa DC. 

Sesbania aculeata Pers. 

Tephrosia candida DC, 

Uraria picta Desvy. 
LILIACEAE 

Asparagus adscendens Roxb. 

Asparagus racemosus Willd. 

Smilax prolifera Roxb. 
LORANTHACEAE 

Dendrophthoe falcata (Linn.) 

Etting. 


LYTHRACEAE 


Lagerstroemia parviflora Linn, 


Woodfordia fruticosa Kutze. 
MALVACEAE 
Hibiscus lampas Cav. 
Kydia clycina Roxb. 
Malva sylvestris Linn. 
Malvastrum tricuspidatum 
Grey. 


Deciduous tree 
Deciduous tree 
Twining shrub 
Under shrub 
Shrub 

Under shrub 


Shrub 
Shrub 
Climber 


Robust woody para- 
site 

Deciduous tree 

Shrub 


Shrub 
Tree 
Shrub 


Occurrence 


Mostly occurs Also occurs 


In 


3 


Bs 

Bs 
In all types 
In all types 


In all types 
In all types 


2 
In all types 


In all types 
Tn all types 


In all types 
In all types 


In all types 
In all types 


In all types 


In all types 
In all types 


In all types 


In all types 
3 


B, 
In all types 
In all types 


B; 


in 
4 


Bg 

By 
In all types 
In all types 
In all types 
In all types 
In all types 


In all types 
In all types 


In all types 
In all types 


In all types 
In all types 


In all types 


In all types 
In all types 


In all types 
In all types 
By 


By 
In all types 
In all types 


Ag 
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Occurrence 


Botanical Name Habit ie ee SE eee 
Mostly occurs Also ovcurs 
in in 
2 3 4 
Salmalia malabarica (DC.) 
Schott. & Endl. Deciduous tree * B; B, 


Sida acuta Burm.f. 
Sida cordifolia Linn. 
Sida a nce Lamk. 


(Willd 


Thespesia lampas Dalz. 
Urena lobata Linn. 
Urena repanda Roxb. 


MELIACEAE 


Azadirachta indica A. Juss. 
Cedrela toona Roxb. 


MENISPERMACEAE 


Cissampelos pareira Linn. 
Cocculus laurifolius DC. .. 
Tiliacora acuminata (Colebr.) 


Miers. 


Tinospora cordifolia Miers. 
Stephania glabra Miers. 


MorINGACEAE 


Moringa oleifera Lamk. 


MYRSINIACEAE 


Ardisia solanacea (Poir.) 


Roxb. 


Embelia tsjeriam Cottam 
AS DIC: 


(R.& S 


MYRTACEAE 


Barringtonia asiatica (Linn.) 


Kurz. 


Careya arborea Roxb. 

Cleistocalyx operculata 
(Roxb.) Merr. & Perry. 

Syzygium cumini Skeels. 


OLEACEAE 


Jasminum arborescens Roxb. 
Jasminum multiflorum (Burm. 


f.) Andr. 


Olea glandulifera Wall. __ 
Nyctanthes arbor-tristis Linn. 
Schrebera swietenioides Roxb. 


PALMAE 


Calamus tenuis Roxb. 
Phoenix acaulis Roxb. 
Phoenix sylvestris Roxb. 


Herb 
Herb 


Herb 
Shrub 
Herb 
Herb 


Evergreen tree 
Evergreen tree 


Climber 
Shrub 
Climbing shrub 


Climber 
Climber 


Tree 


Much branched shrub 


Shrub 


Tree 
Deciduous tree 


Evergreen tree 
Evergreen tree 


Shrub 


Shrub 

Tree 
Deciduous tree 
Tree 


Climbing palm . 


Tree 
Tree 


3 
In all types 
In all types 
Bs 
In all types 


3 


A, & Bs 


3 


B, & As 


A, & Bs 
Bs 


Bs 
B, & B, 


B, & By, 
In all types 


B, 
In all types 


In all types 
A 


Tn all types 
ae 


B, & Ag 
Ay 


Ag 
Jn all types 
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Occurrence 
Botanical Name Habit 
Mostly occurs Also occurs 
in in 
I 2 3 4 
PITTOSPORACEAE 
Pittosporum floribundum 
W. & A. Tree Bg By 
Xylosoma longifolium Clos. 
W.&A. Tree Bs As 
RHAMNACEAE 
Ventilago calyculata Tul. .. Climber Ag Ay 
Zizj phus mauritiana. Lamk. Shrub Ag B, & B, 
Zizyphus rugosa Lamk. Evergreen tree As B, & Bg 
Zizyphus xylopyra Willd. Shrub Ag B, & By, 
ROSACEAE 
Fragaria indica Andr. ° Herb Bs Ay 
Rubus lasiocarpus Smith “Shrub Bs Aj 
Rubus ellipticus Smith Shrub Bs Ay 
RUBIACEAE 
Adina cordifolia Hook.f. Tree Inalltypes Jn all types 
Gardenia turgida Roxb. Deciduous tree Bs ‘i 
Hymenodictyon excelsum 
Wall. Deciduous tree In alltypes In all types 
Randia dumetorum Lamk. Deciduous shrub Ag Bs 
Randia uliginosa DC. Tree Bs As 
Rubia cordifolia Linn. Herb Bs B, 
Wendlandia tinctoria DC. Deciduous tree Bs B, 
R UTACEAE - 
Aegle marmelos Correa. ie Lree Ags A, & Bs 
Clausena pentaphyllaDC. .. Shrub Ag B; & B, 
Glycosmis pentaphylla 
Correa Evergreen shrub Ag By, & By 
Hesperethusa crenulata 
(Roxb.) Roem. Shrub Ag Ay 
Murraya koenigii Spr. . Shrub Bs & By, Ay & Ag 
Murraya peniculata (Linn.) 
Jack. Shrub Bs By 
SAMYDACEAE 
Casearia graveolens Dalz. Deciduous tree Bs Ag 
Casearia tomentosa Roxb. .. Deciduous tree In all types In all types 
SAPINDACEAE 
Acer oblongum Wall. Tree A, & As Ag 
Erioglossum edule Blume. Small tree Ag B, & Ay 
Schleichera oleosa Merr. Tree Inalltypes In all types 
SAPOTACEAE 
Madhuca indica Gmel. Deciduous tree Bs & By Ay 
SOLANACEAE 
Solanum nigrum Linn, . Herb B, A 
Solanum verbascifolium Linn. Shrub B, As 
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TABLE II (Contd.) 


ccurren 
Botanical Name Habit —— furs: 

Mostly occurs Also occurs 

in in 

1 2 3 4 
eR Eider i ee 

STERCULIACEAE 
Firmiana colorata (Roxb.) 

R.Br. Deciduous tree Bs Ay 
Helicteres isora Linn. Shrub A, & Bs; B, 
Sterculia pallens Wall. Tree B; B, 
Sterculia villosa Roxb. Deciduous tree Bs B, & A, 

STYRACEAE 
Symplocos racemosa Roxb... Shrub Ag Bs 
TILLIACEAE 
Grewia elastica Royle. Ca ree Bs B, 
Grewia glabra (Rottl.) Bl. Tree B, B, 
Grewia hirsuta Vahl. .. Shrub B, Ag 
Grewia oppositifolia Buch- 

Ham. ; Tree Bs B, &A, 
Grewia scabrophylla Roxb. Shrub B, As 
Grewia tiliaefolia Vahl. Tree By B, 
Grewia vestita Wall. Tree B, A, & B, 

UMBELLIFERAE 
Hydrocotyle javanica Thunb. Shrub Bs B, 
URTICACEAE 
Boehmeria rugulosa Wedd... Tree Ay As 
Broussonetia papyrifera Vent. Deciduous tree Ay Bs 
Celtis tetrandra Roxb. Deciduous tree As Bs 
Debregeasia velutina Gaud. Shrub Ay Bs 
Ficus bengalensis Linn. Evergreen, tree “Inalltypes In all types 
Ficus cunia Buch-Ham. Tree B; A, & By 
Ficus gibbosa Bl. Tree Ay 3 
Epiphytic in early life 
Ficus hispida L.£. Tree | B B, & A, 
Ficus infectoria Roxb. Tree (Epiphytic in B; B, 
- early life) 
Ficus racemosa Linn, Tree B, & By Ag 
Ficus religiosa Linn. Deciduous tree Bs & By, Ag 
Ficus roxburghii Wall. Tree Ay Bz; & B, 
Ficus rumphii Bl. Tree B; & By A» 
Holoptelea integrifolia 

Planch. Deciduous tree Bs By, & Ay 
Morus australis Poir. Tree B, B, 
Streblus asper Lour. Evergreen tree Ag Ay 
Trema politoria Planch. Small tree Ag B; 

VERBENACEAE 
Caryopteris wallichiana 

Schaur. Shrub B; B, & Ay 
Clerodendrum infortunatum 

Gaertn. Shrub In alltypes In all types 
Clerodendrum indicum (Linn.) 

Ktze. Shrub Bg B, 
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Be TR a Oe a eee ee eS 


Occurrence 
Rotanical Name Habit -_.— 
Mostly occurs Also occurs 
in in 
1 2 3 4 
Gmelina arborea Linn. +s, | Lree Ag Bs; & A, 
Lantana camara (Linn.) 

Moldenke. Shrub Ag Bs 
Lantana alba Sch. .. Shrub Ags Bs 
Premna latifolia Thue. Ae Ae Ag Ay 
Vitex negundo Linn. .. Shrub Ag Ay 

VITACEAE 
Ampelocissus latifolia (Roxb.) 

Planch. Climber B, & Ay; As 
Cayratia carnosa Gagnep. .. Climber B, & B, Ag 
Cissus repanda Lamk. .. Climber Bs & A, Ag 

FERNS 
Adiantum sp. . saatierb Inalltypes In all types 
Lygodium flexuosum Sw. .. Herb B,&B, . AL 
Ophioglossum sp. Bree = (a) B, & B, Ay 
SUMMARY 


Species found in different (A,, As, Bs; and B,) types of sal forests 
‘have been collected in different flowering seasons. In all 290 species 
belonging to 56 families were collected during the ecological studies 
of these forests. The association of each of these species with different 
types of sal forests has been assessed on the basis of quadrat studies 
and their relative occurrence noted as ‘‘ mostly occurs in’ and “also 
occurs in”’, 


Phytosociological studies have indicated that Shorea robusta is 
the most dominant species of these forests with high frequency and 
density and sociability, covering almost 3/4th of the area. Other tree 
species which are characteristic of a particular community, attain high 
dominance and sociability only in the community which they serve 
to characterise. 


Mallotus philippensis in the lower storey is the most dominant 
species in all the seven communities with a dominance and sociability 
index which attains a maximum value of 3:2. 


Clerodendrum infortunatum is also found to occur with high domi- 
nance and sociability in the communities of moist sal type, but it occurs 
in all the seven communities. 


The characteristic species of herbs and shrubs stratum occur in 
greater dominance and sociabjlity only in the corresponding communities, 
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STUDIES IN BURSERACEAE—Ii 


By L. L. NARAYANA 


Department of Botany, Osmania University, Hyderabad 


(Received for publication on September 8, 1959) 


INTRODUCTION 


FLORAL anatomy of Burseraceae is known only for two _ species 
(Saunders, 1939; Shukla, 1955). Recently the author studied the - 
floral anatomy of Garuga pinnata and Boswelia serrata (Narayana, 1960). 


Embryologically the family has received little attention in the past; 
the most important contribution was by Weiger (1935), who studied 
16 species spread over 5 genera. Recently brief accounts on the embryo- 
logy of Balsamodendron mukul (Shukla, 1954). Garuga pinnata 
(Narayana, 1957) and Boswelia serrata (Narayana, 1958 c) have been 
published. 


The present paper deals with the floral anatomy and embryology 
of Bursera serrata Colebr. and embryology of Garuga pinnata Roxb. 
and Boswelia serrata Roxb. 


MATERIALS AND METHODS 


Fixation of materials was done in F.A.A. Usual methods 
of dehydration, infiltration and embedding were followed. Sections 
were cut at a thickness of 4-12 » and were stained in crystal violet with 
erythrosin as counterstain. 


FLORAL ANATOMY 


Bursera serrataa—The flower is pentamerous with a_ tendency 
towards unisexuality. The anthers do not produce pollen. The penta- 
locular ovary contains two ovules in each loculus (Text-Figs. 6 and 7). 
The style divides into five parts and the stigmas are hairy (Text-Fig. 8). 
A well-developed discis present. Resin canals occur close to the 
vascular bundles. 


The pedicel shows a ring of vascular bundles (Text-Fig. 1). In 
the thalamus five sepal midribs arise in one whorl (Text-Fig. 2). Alter- 
nating them five more traces arise and these are the common sepal 
laterals, petal midribs and the antepetalous staminal traces (Text- 
Fig. 3). Next, the traces for the antesepalous stamens arise (Text- 
Fig. 4). Although the traces for the antepetalous stamens are demar- 
cated first, the antesepalous stamens become detached from the thalamus 
earlier than the antepetalous stamens (Text-Fig. 6). The staminal 
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Text-Fics. 1-8. Bursera serrata. Serial trans-sections of flower-bud; for 


description see text. 
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traces give branches towards the inside (Text-Fig. 5) of which some 
enter the disc, and others the ovary wall. Dorsal carpellary traces are not 
organised. The five common ventrals organised from the main stele 
lie on the septal radii (Text-Figs. 6 and 7) and give off ovular traces. 
They also give branches which traverse the septa and ovary wall (Text- 
Figs. 6 and 7). The ventrals continue in the style and each divides into 
two in a stigmatic lobe (Text-Fig. 8). 


MICROSPOROGENESIS AND MALE GAMETOPHYTE 


The young anther in Garuga pinnata shows a hypodermal row or 
archesporial cells in each lobe (Text-Fig. 9). A fully developed anthel 
in Garuga, Boswelia and Bursera shows an epidermis and four wall 
layers, of which the innermost functions as the secretory tapetum (Text- 
Figs. 10, 11 and 12) whose cells soon become binucleate (Text-Fig. 10). 
Remnants of tapetum persist till the uninucleate stage ofthe pollen 
grains in Garuga (Text-Fig. 13). The hypodermal wall layer develops 
into the fibrous endothecium (Text-Figs. 13, 14 and 15). In Bursera 
serrata, however, further development stops at this stage with the result 
the open flowers show only staminodes instead of anthers with pollen 
grains. The hypodermal wall layer develops the fibrous thickenings as 
in Garuga and Boswelia (Text-Fig. 15). In Boswelia the epidermal cells 
are papillose (Text-Fig. 14). 


Cytokinesis takes place by cleavage furrowing (Text-Figs. 16 and 
17). Pollen tetrads are tetrahedral (Text-Figs. 18 and 19). The tri- 
colporate pollen grains are shed at the two-celled stage (Text-Figs. 20 
and 21). 


OVULE, MEGASPOROGENESIS AND FEMALE GAMETOPHYTE 


The ovules in Garuga, Boswelia and Bursera are crassi-nucellate, 
bitegmic and hemianatropous (Text-Figs. 25-30). The ovule pri- 
mordium arises as a small protuberance on the placenta (Text-Figs. 22 
and 23) and bends upwards during further development (Text-Figs. 24, 
25, 26 and 29). As the megaspore mother cell becomes differentiated, 
the integuments show considerable growth and extend beyond the 
nucellus (Text-Figs. 25 and 26). The micropyle is formed by the inner 
integument (Text-Figs. 27, 28 and 30). 


The primary archesporium is one-celled (Text-Figs. 31, 33 and 34). 
A multicellular archesporium was noticed in Garuga (Text-Fig. 32). 
The primary parietal cell cut off towards the outside gives rise to the 
extensive parietal tissue (Text-Figs. 35, 36, 37 and 38). In the species 
studied the cells of the nucellar epidermis in the micropylar region divide 
periclinally and form a nucellar cap (Text-Figs. 36, 37 and 38). 


_ The megaspore mother cell forms a row of four megaspores of 
which the chalazal is functional (Text-Figs. 36, 37 and 38). Three suc- 
cessive free nuclear divisions in this megaspore result in an 8-nucleate 
embryo-sac (Text-Figs. 39, 40 and 41). The embryo-sac enlarges con- 
siderably and destroys most of the parietal tissue. It is long and narrow 
in Garuga (Text-Fig. 39) and broader in the upper region in Boswelia 
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Text-Fics. 9-21. Figs. 9, 10, 13, 16, 18 and 20. Garuga pinnata. Figs. 11, 
14, 17, 19 and 21. Boswelia serrata. Figs. 12 and 15. Bursera serrata. Fig. 9. 
T.S. anther lobe showing hypodermal archesporium. Fig. 10. L.S. anther lobe 
showing sporogenous tissue, binucleate tapetum and wall layers. Fig. 11. T-S. 
anther lobe showing sporogenous tissue, binucleate tapetum and _ wall layers. 
Fig. 12. L.S. anther lobe showing sporogenous tissue, binucleate tapetum and wall 
layers. Fig. 13. _L.S. anther lobe showing pollen grains, remnants of tapetum and 
fibrous endothecium. Fig. 14, Fibrous endothecium and papillose epidermis in 
Fig. 14. Figs. 16 and 17. Pollen mother cells showing cytokinesis. Figs. 18 and 
19. -Pollen tetrads. Figs. 20 and 21. Pollen grains. P54 


and Bursera (Text-Figs. 40 and 41). The synergids are hooked and 
show filiform apparatus (Text-Figs. 39, 40 and 41). In Boswelia and 
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Bursera the filiform apparatus becomes prominent in older ovules. The 
antipodals are organised as cells. : 


«EXT-FiGs, 22-30, Stages in development of ovule. Figs. 22, 14-27, Garuga 
pianata. Fig. 28. Boswelia serrata. Figs. 23, 29 and 30. Bursera serrata, 


Discussion 


The flower in Bursera is pentamerous with a tendency to become 
unisexual by abortion of the androecium. 


The sepals in Bursera, as in Boswelia (Narayana, 1959) and 
Balsamodendron mukul (Shukla, 1955) are three-traced and in Garuga 
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Text-Fics. 31-41. Figs. 31, 32, 36 and 39. Garuga pinnata. Figs. 33, 37 and 
40. Boswelia serrata. Figs. 34, 35, 38-41. Bursera serrata. Figs. 31-34. LS. 
ovule showing primary archesporium. Note multicellular archesporium in Fig. 32. 
Fig. 35. L.S. ovule showing megaspore mother cell, integuments, periclinal divisions 
in nucellar epidermis. Figs. 36-38. L.S. ovule showing parietal tissue, nucellar cap 
and megaspore tetrads. Figs. 39-41. Mature embryo-sacs. ; : 


(Narayana, 1959) are single-traced showing adnation with antesepalous 
stamens. 


Adnation between petals and antepetalous stamens and.their. traces 
is seen in Garuga pinnata (Narayana, 1959) and Canarium nitidum 


6 
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(Saunders, 1939). In Balsamodendron mukul (Shukla, 1955), they arise 
independently from the main stele. Bursera resembles Boswelia 
(Narayana, 1959) in the adnation between the sepal laterals, petal mid- 
ribs and antepetalous staminal traces. 


The androecium in Bursera is obdiplostemonous as in Boswelia 
(Narayana, 1960) and Canarium nitidum (Saunders, 1939). In Balsamo- 
dendron (Shukla, 1955) the staminal traces arise in two whorls of which 
the antesepalous whorl becomes demarcated first. The staminal traces 
in Bursera, Boswelia (Narayana, 1960) and Balsamodendron (Shukla, 
1955) give branches towards the inside as in Meliaceae (Narayana, 
1958 a, 1958 a, b and 1959), Simaroubaceae (Narayana and Sayeeduddin, 
1958) and Rutaceae.* 


Among the investigated species a disc is absent only in Garuga 
(Narayana, 1960). In Balsamodendron it is regarded staminal. 


The number of carpels in the family is variable from 2-5. Dorsal 
carpellary traces are demarcated in Garuga and Boswelia (Narayana, 
1960) and absent in Bursera. In Boswelia (Narayana, 1960), common 
median laterals are also noticed. The ventral bundles which lie along 
the septal radii, apart from supplying the ovules, give branches which 
traverse the septa and ovary wall, as in Meliaceae (Narayana, 1958 a, 
1958 b and 1959), Simaroubaceae (Narayana and Sayeeduddin, 1958) 
and Rutaceae. The placentation in Bursera is anatomically parietal as 
in Garuga, Boswelia (Narayana, 1960), Canarium (Saunders, 1939) and 
Balsamodendron (Shukla, 1955). 


Papillose epidermal cells of the anther reported for Meliaceae 
(Narayana, 1958 a; Garudamma, 1957) are seen in Boswelia. 
Degeneration of anthers seen in Balsamodendron mukul (Shukla, 1954) 
and Santiria rubiginosa (Wiger, 1935) is not present in Garuga and 
Boswelia. \n Bursera, however, there is degeneration of sporogenous 
tissue in the anther resulting in non-formation of pollen grains. 


The ovules in Garuga, Boswelia and Bursera are hemianatropous, 
although Wieger (1935) described the ovules in the family as compylo- 
tropically curved. There are generally two integuments and some 
species like Canarium oleosum, C. asperum, Santiria rubiginosa and 
S. commiphora are unitegmic (Wiger, 1935). This may be due to 
fusion of two integuments throughout their length. 


The female archesporium is single-celled. However, a multi- 
cellular archesporium has also been reported (Narayana, 1957; Wieger, 
1935 and Shukla, 1954). Extensive parietal tissue and a nucellar cap 
are common in the investigated species (Wiger, 1935; Shukla, 1954 
and Narayana, 1957 and 1958 c). In this respect the Burseraceae 
resemble Meliaceae, Simaroubaceae and Rutaceae.* 


* Author’s unpublished observations, 
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SUMMARY 


The floral anatomy and embryology of Bursera serrata and the 
embryology of Garuga pinnata and Boswelia serrata has been studied. 


The flower in Bursera is pentamerous and bisexual in early stages 


but becomes functionally female due to the arrested development of 
the pollen sacs. $ 


The sepal laterals arise conjointly with the petal midribs and ante- 
petalous staminal traces. 


The androecium is obdiplostemonous. The staminal traces give 
branches. towards the inside of which some enter the disc and some 
ovary wall. 


The ovules are crassinucellate, bitegmic and hemianatropous. 


A multicellular archesporium was observed in Garuga. The parietal 
tissue is massive and a nucellar cap is present. Development of embryo- 
sac follows the Polygonum type. 
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THE ONTOGENY OF EXTRA-FLORAL | 
NECTARIES IN THE GENUS GMELINA 


By A. R. CHAVAN AND Y. S. DESHMUKH 
Department of Botany, M.S. University of Baroda, Baroda 
(Received for publication on June 8, 1959) 


THE presence of extra-floral nectaries in dicotyledons has been recorded 
in many familics like Vochysiaceae, Caryocaraceae, Marcgraviaceae, 
Dipterocarpaceae, Malvaceae, Bombacaceae, Cucurbitaceae, Sterculiaceae, 
Balsaminaceae, Simarubaceae, Leguminosae, Rosaceae, Cactaceae, 
Polygonaceae, Euphorbiaceae, Caprifoliaceae, Vacciniaceae, Ebenaceae, 
Oleaceae, Loganiaceae, Convolvulaceae, Scrophulariaceae and Ver- 
benaceae (Metcalfe and Chalk, 1950). The nectaries in plants of these 
families are developed on various parts like stem, both the surfaces of 
leaves, petiole, stipule and base of flower. However, our knowledge of 
the ontogeny of extra-floral nectaries is rather scanty. 


HISTORICAL 


Salisbury (1909) worked on the extra-floral nectaries of the genus 
Polygonum. In 1923 Reed described the extra-floral nectaries of Ricinus 
communis. Rao (1926) wrote a short note on extra-floral nectaries in 
Spathodea_ stipulaia ‘Wall. Zimmermann (1932) defined extra-floral 
nectaries and classified them on morphological and anatomical bases. 
In 1936 Parija and Samal worked out the extra-floral nectaries in Tecoma 
capensis Lindl. Recently Maheshwari (1954) gave an account of the 
structure and development of the nectaries in Duranta plumieri Jacq. 
The authors (1959) have made a detailed review of the extra- 
floral nectaries in Verbenaceae. The present work deals with the struc- 
ture and development of the nectaries in three species of Gmelina: 
G. asiatica Linn., G. hystrix Schult and G. arborea Roxb. 


MATERIAL AND METHODS 


The material was collected in August 1958, from plarits growing 
in the Botanical Gardens of the Maharaja Sayajirao University of 
Baroda. Formalin-acetic-alcohol was used as fixative. The usual 
methods of dehydration, infiltration and embedding in paraffin were 
employed. Sections were cut at thickness of 13-18. Staining was 
done in iron-alum-haematoxylin and figures were drawn with the help 
of camera lucida at stage level. The figures are mainly of Gmelina 
hystrix Schult as the fundamental Jine of development is identical in 
all the three plants. 


DEVELOPMENT 


_ The nectaries generally occur on the lower surface of the leaves 
in depressions (Text-Fig. 1), they are also occasionally seen on the upper 
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surface and on petioles. They originate from epidermal cells. An 
epidermal cell becomes differentiated from the rest, by its large size, 
dense cytoplasm and conspicuous nucleus (Text-Fig. 2). This is the 
nectary initial which soon becomes papillose and divides periclinally 
to form two daughter cells (Text-Figs. 3 and 4). Of these, the upper 
is the nectary mother cell and the lower the basal cell. The former 
divides again periclinally to form two cells, of which the distal is the 
body cell and the lower the primary stalk cell (Text-Fig. 5). The body 
cell gives rise to the nectary and the stalk cell forms a short but broad 
stalk and derivatives of the basal cell forma layer very similar to that 
derived from the stalk cell. Text-Figures 5 and 6 show further anti- 
clinal divisions of the basal cell and the body cell respectively, while 
middie stalk cell remains undivided. Further divisions in the body 
cells are anticlinal (Text-Figs. 7, 8 and 9) forming the saucer-shaped 
head. Further divisions in the head are irregular resulting in a compact 
‘disc-shaped nectary (Text-Fig. 10). Meanwhile the primary stalk cell 
divides anticlinally to form a plate of cells as broad as the nectary. 
Occasionally it first divides periclinally and then anticlinally so as to 
form two layers of cells (Text-Figs. 8, 9, 10 and 11). At the same time 
the basal cell divides vertically to form many cells to keep pace with the 
breadth of the stalk region (Text-Figs. 5, 7, 8 and 10). They remain 
at the same line of the leaf epidermis, but are differentiated from the 
epidermal cells, by their denser cytoplasm and conspicuous nuclei. 
These epidermal cells Jook like stalk cells in appearance, in their stain- 
ing reaction and also lately developed thickenings in their vertical walls 
(Text-Figs. 11 and 12). 


STRUCTURE AND FUNCTION 


The nectaries are of the depressed type. The main body of ithe 
nectary consists of a layer of palisade-like cells, as many as 52 in some 
cases (Text-Figs. 11 and 12). These cells take a deep stain when fully 
developed and the nectary looks like a disc depressed in the middle 
(Text-Fig. 13). Similar patelliform nectaries were recorded in Bigno- 
niaceae by Solereder (Metcalfe and Chalk, 1950) and in Verbenaceae 
by Maheshwari (1954). The outer walls of the cells of the nectary are 
thickened and a thin cuticular covering is developed continuously with 
the general surface of the leaf. The stalk of the nectary is short and 
consists of two or three layers of cells (Text-Figs. 11 and 12). They are 
rectangular and their anticlinal walls are suberised. Similar stalks with 
polygonal cells whose vertical walls are suberised have been recorded 
in Clerodendron (Metcalfe and Chalk, 1950) and Durania plumieri 
(Maheshwari, 1954). Zimmermann (1932) has classified the nectaries 
on the basis of morphological and anatomical features and Dorsey 
and Weiss (1920) on the nature of vascular connection in the family. 
Rosaceae. The extra-floral nectaries in the genus Gmelina are of 
depressed type according to the classification of Zimmermann. 


The primary function of the extra-floral nectaries in Duranta plu- 
mieri is secretion of superfluous sugary fluid (Maheshwari, 1954). In 
Oleaceae the sugary secretion from the nectaries of Osmanthus ilicifolius 
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TEXT-FiGs. 1-13. Fig. 1. V.S. leaf of Gmelina asiatica stowing the disc-shaped 
gland in the depression with th 


ree-layered stalk. Note tle|situaticn cf the nectary 

in close relation to vascular bundles, x 185. Fig. 2. V.S. leaf of Gmelina hystrix 
owing nectary initial, x305. Fig. 3. V.S. leaf of Gmelina hystrix showing 
Papillows nectary initial, x305. Fig. 4. Same as above, but divided periclinally to 
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form two daughter cells, x305. Fig. 5. V.S. leaf of Gmelina hystrix showing the 
nectary mother cell divided periclinally to form distal body cell and lower primary 
stalk cell, x305. Fig. 6. V.S. leaf of Gmelina hystrix showing further anticlinal 
division in body cell, x305. Fig. 7. Same as above, the body cells enlarged and 
expanded sidewards and two basal cells, 305. Figs. 8-9. Same. as above, showing 
further anticlinal divisions forming a saucer-shaped structure, x305. Fig. 10. V.S. 
leaf of Gmelina hystrix showing the nectary and multicellular stalk, «305. .Fig. 11. 
Same as above, showing nearly mature nectary with three-layered stalk, 305. 
Fig. 12. Fully developed nectary, «305. Fig. 13. Nectary of Gmelina arborea 
in ‘surface view, x 30. 


is recorded to be very attractive to wasps which are seen in large num- 
bers in and around the bushes, when secretion is proceeding actively 
(Metcalfe and Chalk, 1950}. Salisbury (1909) has recorded the extra- 
floral nectaries in various species of Polygonum which he considered 
as hydathodes whose action is dependent on osmosis. He, however, 
could not get any evidence to prove that the nectaries are visited by ants 
or other organisms. Reed (1923) has recorded that the glands in Rici- 
nus communis ate functional in early stages and are constantly visited 
by red ants in search of nectar. Zimmermann (1932) has demonstrated 
sugary secretion by extra-floral nectaries in forty families (including two 
grasses). It is held to be probable in the ten families and doubtful in 
eleven families. Jn the present case, the nectaries are situated close to 
the vascular bundles (Text-Fig. 1) and secrete minute drops of sugary 
sap. 


SUMMARY 


The work deals with structure and development of extra-floral 
nectaries in Gmelina hystrix Schult, Gmelina asiatica Linn. and Gmelina 
arborea Roxb. 


They are developed in depressions on the lower surface of the leaf 
but occasionally on the upper surface and on the petiole also. They are 
epidermal in origin. 

When fully mature the nectaries look like discs raised on the 
margins and are made up of body cells which are narrow and palisade- 


like subtended by two or three-layered stalks. The stalk cells are 
rectangular with their anticlinal walls suberised. 


The nectaries in all the three species of Gmelina zre round in shape 
and their function is secretion of sugary sap. 
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THE earlier part of these contributions (Awasthi, 1960) dealt with the 
species of Physcia from this region. The genus Anaptychia which shows 
a Close relationship to Physcia yet characteristically differs in the nature 
of the cortex and thallus is being dealt presently, Same abbrevia- 
tions have been used here as well. 


Anaptychia Kérb 


apud Mass. in Memor. Lichenogr., 1853, p. 33; A. Zahlbr. in Engl. 
and Prantl. Natiirl. Pflazenfam., 2 Auf., 8: 1926 p. 258, 


Thallus foliose to fruticose, dorsiventral, prostrate or erect, often 
fibrillate along the margins, rhizinae present or absent, Both sides 
or only the upper side corticated, cortex of longitudinally disposed con- 
glutinate hyphae, not paraplectenchymatous. Medulla of loosely inter- 
woven hyphae, colourless or coloured, Apothecia rounded, superficial 
lateral or terminal, lecanorine. Epithecium K—, hypothecium colour- 
less to light pale. Asci 8-spored; spores brown, 2-celled, thick-walled. 


The genus is cosmopolitan in distribution, usually growing over 
bark, but few species also occur on earth, mosses or over stones. The 
total number of species known from all over the world is about 40. 
On the basis of these investigations, as many as 15 species are con- 
sidered here known from India and Nepal over the previously known 
nine species. 


Key to the Species 


1 a—Thallus corticated on both the sides and with rhizinae on underside. 
2 a—Thallus isidiate and non-sorediate. Isidia coralloid along mar- 


gin and upperside. 1. A. corallophora 
2 b—Thallus sorediate. 
3 a—Thallus sorediate and non-isidiate. 2. A. speciosa 


3 b—Thallus sorediate initially and later soralia turning isidiate. 
| 2, A. speciosa f. isidiophora 
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2 c—Thallus without isidia and soredia. 


4a—Thallus white to ashy white, laciniae more or less discrete. 
3. A. esorediata 


4 b—Thallus sordid grey pale, laciniae firmly congested, narrow. 
4. A. firmula 


1 b—Thallus corticated only on upperside and along margins; not 
corticated below; fibrils along the margins. 


5 a—Thallus sorediate and nonisidiate. 


6a—Thallus adpressed, suborbicular; soredia on apices 
of laciniae. 5. A. sorediifera 


6 b—Thallus diffuse, pendulous, soredia on margin or under- 
side of laciniae. 


8. A. leucomelaena y. sorediosa and y. soredobullata. 
5 b—Thallus without soredia and isidia. 
7 a—Apothecia sessile. 


8 a—Apothecia pruinose; fibrils along laciniae margin, 
simple. 6. A. dendritica 


8 b—Apothecia not pruinose, fibrils along laciniae mar- 
gin, branched. 7. A. hypoleuca. 


7 b—Apothecia podicellate. 
9 a—Thallus diffuse, pendulous of elongate, linear narrow laciniae. 


10 a—Laciniae apically cuneate, K + yellow, mar- 


ginal fibrils black. 8. A. leucomelaena 
10 b—Laciniae apically not cuneate, ~ — ee inal 
fibrils grey. A. ciliaris 


9 b—Thallus otherwise (rosulate, caespitose or hea 
11 a—Spores 60-72 long, apothecia not pruinose or scarcely 
pruinose. 10. A. pellucida 

11 b—Spores less than 55, long, apothecia pruinose. 
12 a—Thallus densely white fibrillose on upper- 
side. ll. A. comosa 

12 b—Thallus not fibrillose on upperside. 


13 a—Thallus adpressed, laciniae of same 
width throughout. 

12. A. himalayensis 

13 b—Thallus caespitose or rosulate, laciniae 


gradually broadened upwards (api- 
cally). 
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14 ea margin proliferate lobu- 
ate. 


15 a—Thallus below (= medulla) K -+ 
croceus or croceus ferrugine- 
ous; marginal lobules of apo- 
thecia not fibrillate. 


13. A. podocarpa 


' 15 6—Thallus below (medulla) K —, 
marginal lobules of apothecia 
ultimately fibrillate. 


14. A. incana 


14 b—Apothecial margin uniform and thin, 
nonlobulate but densely black 
fibrillate from the young stages. 


15. A. indica 


1. Anaptychia corallophora (Tayl.) Vain. (Pl. XI, Fig. 7). 
In Etud. Lich. Brésil., 1: 1890, p. 135; A. Zahlbr. in Catal. 
Lich. Univ., 7: 1931, p. 718—Parmelia corallophora Tayl. in 
Hook. J. Bot., 6: 1847, p. 164. 


Thallus foliose, suborbicular, adpressed to the substratum, up to 
4cm. in size. Laciniae subdichotomously or + pinnately branched, 
somewhat imbricated, 1-2 mm. broad, discrete in the peripheral region 
but close, compact and densely bedecked by the isidia in the central 
part. Isidia profuse, mostly marginal and sometimes superficial, coral- 
loid, 80-120 thick. Thallus above glaucous pale to glaucous white 
or ashy grey; underside white pale to pale brown, sometimes bluish 
tinged in the peripheral apical parts; rhizinae pale grey to brownish. 


Thallus 180-250, thick in the peripheral lobes and thicker (to 
300 ) in the central part, corticated on both the sides. Upper cortex 
40-60 » thick, of longitudinal conglutinate compact hyphae, pale greyish 
in the upper 15-20 region.. Algal stratum 20-30 thick, continuous ; 
algal cells green, 8-12 in size. Medulla white to scarcely pale, 
hyphae compact, 2°5-3, thick, and densely superficially granular, 
granules dissolve in K. Lower cortex 25-30 thick, brown black on 
the exterior. 


Thallus K + yellow, Cl—, Pd —. 


Apothecia superficial, sessile, rounded, up to 4mm. in diameter, 
concave to somewhat plane, rarely aoc disc dark ena BENS 
argin thin, thalline, entire to minutely crenate; margin and receptacle 
Prac densely isidiate or not. Thecium (80) 100-140 » thick, light 
yellowish in the uppermost 10-12, region, I + blue; hypothecium 
50» thick, colourless to light pale; algal stratum present below the 
hypothecium, Asci 10025 in size, 8-spored; spores red brown to 
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dark brown (immature colourless), 2-celled, ellipsoid, (20) 24-28 (32) x 
12-18 in size, thick-walled (Text-Fig. 2). Paraphyses simple. 


Habitat.—On bark of trees. 


Localities —E. Himalayas : Darjeeling, Lloyd Bot. Garden, alt. 6,500 ft., 
1957, DDA (No. 3846). 


South India: Madura, Palni hills, 1906, Rev. Fr. Leigh (in 
Herb. Magnusson and duplicate herb. meo); Madurai, Shembaga- 
nur, alt. 6,000 ft., 1957, G. Foreau (No. 3784). 


The laciniae are slightly broader in specimens from South India 
and that their apothecial margins are without coralloid isidia in contrast 
to the specimen from Darjeeling. 


Earlier Reports 


From E. Himalayas, Darjeeling, Smith (1931, p. 132) and Chopra 
(1934, p. 80). 


Lynge (1924) in the key to the species considered the species corallo- 
phora with no lower cortex. However, the above specimens have 
distinctly well-developed lower cortex from the undersurface of which 
arise the rhizinae. In this connection it is worth suggesting here, as 
pointed out by Dr. Magnusson, that sections should be cut through the 
mature parts of the laciniae in all Anaptychia for the verification of 
the presence or absence of the lowet cortex as otherwise the obser- 
vations may be misleading. 


It is also to be noted that the term rhizinae has been employed for 
the processes arising from the lower cortex on the underside of the 
thallus while for the processes arising from the margins in thalli with 
no lower cortex the term fibrils has been preferred to make a distinction 
from the rhizine. 


2. Anaptychia speciosa (Wulf.) Mass. (Pl. XI, Fig. 5). 


In Memoir Lichenogr., 1853, p. 36, Fig. 32; A. Zahlbr. in Catal. 
Lich. Uniy., 7: 1931, p. 737.—Lichen  speciosus Wulf. apud 
Jacq. in Collect. Bot., 3: 1789, p. 119. 


Thallus foliose suborbicular, up to 8 cm. in size, adpressed, laciniate; 
laciniae subdichotomously to pinnately branched, contiguous, often 
imbricated marginally, usually discrete near the periphery : and 
0°5-1°5 mm. broad, apex rounded. Thallus above plane, smooth to 
sometimes slightly striated, glaucous white to ashy grey (sometimes 
apices reddish brown at the periphery); below whitish to pale grey 
rhizinose ; rhizinae on the lowerside and along the margin of the laciniae, 
pale to pale grey, usually directed forward (as contrasted from soredii- 
fera) before getting attached to the substratum. Soralia capitate, mostly 
restricted in the central part of the thallus to the apices of the laciniae 
or lacinules and when confluent appearing as if marginal, 
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Thallus 200-300 thick, corticated on both the sides. Upper 
cortex of longitudinally disposed + compact to conglutinate hyphae, 
40-60 (80) » thick, with a 15-20, exterior region obscure pale. Algal 
stratum subcontinuous to continuous, 30-35 thick, algal cells green, 
round, 10-12, in size. Medulla somewhat obscure due to granules 
on the surface of the hyphae, granules dissolve in K and hyphae 4p 
thick. Lower cortex up to 25 » thick of longitudinally disposed hyphae, 
usually distinctly demarcated in the older parts of laciniae (in the young 
parts of laciniae and in some few specimens not well defined). 


Thallus above K + yellow, I —, Pd —. 


Apothecia rare, superficial, sessile, up to 1:5 mm. in diameter; disc 
plane to concave, brown, epruinose; margin thick, somewhat inflexed. 
Thecium 120-140» thick yellowish brown in the epithecium, I + blue; 
hypothecium colourless to pale yellowish. Asci 8-spored; slightly 
shorter than thecium; spores brown, 2-celled, ellipsoid, 28-36 x 14-17 
(20) » in size, thick-walled. 


Habitat.—Over ground, stones or over bark of trees. 


Localities.—E. Himalayas : Darjeeling district, above Kurseong,. ait. 
5,500 ft., 1957, DDA (No. 3906)—sterile, on bark of tree. 


N.W. Himalayas: Almora district, Askote, alt. 4,500 ft. 1955, 
DDA (Nos. 3293 and 3313)—over stone, sterile; Almora district 
near Barechhina, alt. 5,000 ft. 1956, DDA (No. 3498)—on ground, 
sterile; Almora, Berinag, alt. 5,500 ft. 1949, A. M. Awasthi (No. 
467)—on bark, sterile; Almora district near Phurkia, alt. 11,000 ft., 
1950, DDA and A. M. Awasthi (No. 766)—on ground, sterile; 
Kangra district, Manali, 1952, O. A. Hgeg (Nos. 1496, 1515, 1865 
and 1776) on tree trunk, sterile. 


South India : Kodaikanal, alt. 7,000 ft., 1953, O. A. Hgeg 
(No. 2553)—on bark, sterile; Kodaikanal, 1912, A. Sauliere (Hb. 
Cal.)—on trees, fertile; Madurai, Shembaganur, alt. 6,000 ft., 
1957, G. Foreau (Nos. 3782, 3783 and 3786). 


Earlier Reports 


From Darjeeling, Chopra (1934, p. 78); from Kumaon as syn. 
Parmelia speciosa, Babington (1852, p. 248); from Nilgherries as syn. 
P. speciosa, Montagne (1842, p. 19); and from India as syn. Physcia 
__ speciosa, Nylander (1860, p. 416) and Hue (1892, p. 109). 


Anaptychia speciosa f. isidiophora (Nyl.) A. Zahlbr. (Pl. XI, Fig. 6). 

Ae For Mag. Tokyo, 41: 1927, p. 364; Catal. Lich. Univ., 7: 

1931, p. 740—Physcia speciosa f. isidiophora Nyl. in Synops. 
Lich., 1: 1860, p. 417. 


Thallus suborbicular, foliose, up to about 12 cm. in size; laciniae 
multifid, imbricated, and about 1 mm. broad. Thallus above glaucous 
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grey to ashy white or grey, below brownish pale to pale (in apical 
parts) and densely beset with brown black rhizinae. Secondary laciniae 
initially apically rounded, sorediate and ultimately soralia densely isi- 
diate (thus the laciniae in the peripheral part of thallus sorediate and 
centrally inwards densely isidiate), isidia also developing superficially 
in central part of thallus. 


Thallus 225-300 » thick in peripheral part, and corticated on both 
sides. Upper cortex (40) 60-80 thick with an exterior 20-25 » region 
obscure greyish pale, the inner outline of cortex wavy. Algal stratum 
40-60» thick, cells green, 8-10(12)m in size. Medulla colourless, 
hyphae superficially densely granular, granules dissolve in K and then 
hyphae about 3, thick. Isidia 0-5 mm. long and 80, thick. 


Thallus K + yellowish or —, Pd—, I-—. 


Apothecia superficial, sessile, rounded up to 5 mm. in diameter; disc 
brown to dark brown, epruinose; margin thick, thalline and ultimately 
margin and receptacle densely isidiate. Thecium 100-120, thick, 
brownish in the uppermost 10-12, region and colourless inwards; 
hypothecium colourless, 40-60, thick, algal stratum present below 
hypothecium. Asci 80-90 28-30, in size, 8-spored; spores brown, 
2-celled, ellipsoid, thick-walled, 28-35% 12-18, in size. 


Habitat.—On trunk of palm tree. 


Locality.—E. Himalayas: Darjeeling, Lloyd Botanic Garden, alt. 
6,500 ft., 1957, DDA (No. 3847). 


Reported from Manalur, S. India, Moreau (1952, p. 143). 
Earlier reports of other varieties and formas of Anaptychia speciosa :— 


var. cinerascens (Nyl.) Miill. Arg. 


From Khasia and Naga Hills, and from Himalayas, Miill. 
Arg. (1891, p. 182) and Nylander (1860, p. 417); from 
Darjeeling as Syn. Pseudophyscia speciosa v. cinerascens, 
Miill. Arg. (1894, p. 195). 


f, pulvinigera Miill. Arg. 


From Naga Hills as syn. Physcia speciosa v. cinerascens f. 
pulvinigera, Mill. Arg. (1890, p. 340). 
var. tremulans Miill. Arg. 
From Darjeeling as syn. Pseudophyscia speciosa v. tremulans, 
Miill. Arg. (1894, p. 195). 
> -f. compactior (Mey. et Fl.) Mill. Arg. 
oreo From Nepal, Asahina (1955, p. 63). 
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3, Ae bi esorediata (Vain.) Du R. et Lynge. (Pl. XI, Figs. 1, 2 
an : 


In Videnskapsselk. Skrift. Mat-natury. Klasse No. 16, 1924, p. 14. 
—Anaptychia speciosa var. esorediata Vain. in Lich. in Catal. of 
Welw. African Plants, 2: 1901, p. 409; A. Zahlbr. in Catal. 
PAHS ORV. T1931, 1.742: 


Thallus foliose, suborbicular, often up to 10cm. in size, dorsi- 
ventral, adpressed to the substratum, laciniate. Laciniae, subdicho- 
tomously or pinnately branched, distinct throughout the thallus with 
slight imbricating or laciniae very close and compact in the central part 
of thallus with margins somewhat upturned and then discrete in the 
peripheral region, 0-5-1-5mm. broad, apices rounded. Often white 
margined rounded secondary lacinules along the margins of the primary 
laciniae. Thallus above glaucous white, ashy white to greyish, smooth 
to rarely striate or rugose; underside pale grey in apical parts to pale 
brown to black towards central part of thallus, rhizinose; rhizinae pale 
grey, dark grey to brown black, throughout the underside, usually thyr- 
soid branched. No soredia and isidia. . 


Thallus thickness variable from 250-400 », corticated on both the 
sides by longitudinally disposed conglutinate hyphae. Upper cortex 
(30) 40-80 (100) » in thickness, with an exterior 15-20» region darkish 
pale and opaque; inner outline of the cortex wavy irregular. Algal 
stratum 25-40 (60) » thick, continuous or discontinuous, in the latter 
case often in groups, algal cells green, (8) 12-16 (18) » in size. Medulla 
colourless of loosely disposed hyphae; hyphae 4-5 thick, superficially 
densely granular,’ granules dissolving in K. Lower cortex 20-25 pu 
thick, exterior surface pale to dark brownish. 


Upper cortex K + yellow, Cl —, I — or sometimes + violet blue, 
Pd —; Medulla K —, Pd —; lower cortex K —, I— or sometimes 
+ violet blue. 


Apothecia usually numerous, in the central. part of the thallus, 
superficial, sessile, rounded to subangular (when close together by mutual 
compression), upto 5mm. in diameter; disc dark brown, concave, 
plane to reflexed, epruinose; margin thick, thalline, entire, crenate to 
denticulate to rarely + minutely lobulate. Thecium 100-120 (140) u 
thick, uppermost 12-15 (20) region pale brown. I + blue; hypo- 
thecium colourless to sometimes pale, 60-80 (100) u thick. Asci. shorter 
than thecium, 8-spored; spores brown, 2-celled, ellipsoid, somewhat 
constricted at the septum, (16) 22-32 (36)x(11) 12-16. (18) in size, 
thick-walled, cell lumen rounded to subtriangular (Text-Fig. 4). Para- 
physes simple, somewhat bifurcated at the apex and thickened at the 
tips. : 


A species of wide distribution, chiefly in altitudes of 4,000-8,000 ft. 
in the Himalayas, and exhibiting great variations. 


Habitat.—On tree-trunks, or on ground, over stones and mosses. >. : 


422 D. D. AWASTHI 


‘ties —(a) Corticolous ; E. Himalayas: Sikkim, Karponang, alt. 

aren faa: DDA (Nos. 143, 144, 146 and 147); Darjeeling, 
alt. 6,500-9,000 ft., 1948, DDA (Nos. 155, 157, 158 and 159); 
Darjeeling, alt. 5,500-8,500 ft., 1957, DDA (Nos. 3892, 3907, 
3908, 3910, 3912 and 3914). 


N.W. Himalayas : Almora district, 1949, DDA and A. M. 
Awasthi (No. 419): Almora district, alt. 5,500 ft., 1954, DDA 
(No. 2696); 1955, DDA (No. 3433); 1956, DDA (Nos. 3463, 
3479 A, 3479 B, 3480, 3577 and 3578). Mussoorie, alt. 
6,000-7,000 ft., 1948, Hiralal (No. 462); 1952, O. A. Hgeg (Nos. 
1440 and 3387); 1947, DDA (Nos. 3794 and 3797); Chakrata, 
alt. 7,000 ft., 1949, DDA (No. 485); Kali River Valley near Tanak- 
pur, 1956, DDA (No. 3375). Bihar, Chhota Nagpur, alt. 2,500 ft., 
1947, DDA (No. 141). 


South India: Madurai, Shembaganur, alt. 6,000 2957 ae 
Foreau (No. 3787). Nepal ; 1952, M. L. Banerji (Nos. 1406, 1415). 


(b) Terricolous and saxicolous ; E. Himalayas : Khasia Hills, 
Assam, Simons (No. 389) (Hb. Cal.) and Assam, Griffith (No. 316) 
(Hb. Cal.), Sikkim, Gangtok, 1947, DDA (No. 142), Darjeeling 
district, 1947, DDA (Nos. 148, 149, 150, 151, 152, 153, 154 and 
160); Darjeeling district, alt. 5,500-8,500 ft., 1957, DDA (No. 3904). 


N.W. Himalayas : Almora district, alt. 5,500-7,500 ft., 1950. 
DDA and A. M. Awasthi (Nos. 552, 580, 697 and 698); Almora 
district, Gori Valley, 1950, DDA (No. 820); Askote, 1947, DDA 
(No. 162), 1954, DDA(No. 2700), 1955, DDA(No. 3298), 1958, DDA 
(No. 3962), Chakrata, Deoban, alt. 8,000 ft., 1951, DDA (No. 951), 
Tehri Garhwal, 1951, DDA (No. 896), Kotgarh and Gaora, 
Dr. Skoliezka (Nos. 510, 335) (Hb. Calcutta). 


Anaptychia esorediata f. brach yloba (Miill. Arg.) Awasthi nov. comb 
Syn. Physcia speciosa var. cinerascens f. brachyloba Miill. Arg. 
in Flora, 73: 1890, p. 340.—Anaptychia speciosa f. brachyloba 
(Mill. Arg.) A. Zahlbr. in Catal. Lich. Univ., 7: 1931, p. 741. 


The nov. comb. is based on a specimen (Hb. Cal.) labelled ‘* Ex 
Herb. Hort. Reg. Kew. Physcia speciosa vy. cinerascens f. brachyloba 
Mill. Arg. from Khasia, leg. ! det.!’? The type specimen (Miill. Arg. 
I.c.) is also reported from Naga and Khasia Hills and it is likely that 
it may be a duplicate of the type material. 


It is characterised with numerous globular to conglomerate, 
simple or palmately lobed, turgid, densely imbricate secondary lacinules 
of 2-3mm. x 0:2-0-:5 mm. size in the central region of the thallus. 
The primary laciniae. are broad in the central part and densely 
covered by these lacinules. The thallus and apothecia show no 
variation from Anaptychia esorediata and therefore the necessity of 
the new combination. Further there are certain specimens which 
show intermediate characters, between the typical esorediata and the 
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forma brachyloba, and have been retained above under esorediata. 
Habitat.—Over stones and ground. 


Localities—E. Himalayas: Khasia, coll. ? (Hb. Cal.). N.W. Himalayas: 

_ Almora district, alt. 5,500 ft., 1950, DDA and A. M. Awasthi 

(No. 561); Askote alt. 5,500 ft. 1958, DDA (No. 3966); Kunawar, 
Skoliezka No. 553 (Hb. Cal.) is also comparable to this form. 


Anaptychia esorediata forma rubescens (Ris.) Awasthi comb. noy. 
—Syn. Anaptychia hypoleuca (Miill. Arg.) Vain. f. rubescens 
Ras. in Arch. Soc. Zoolog. Bot. Fenn. ‘ Vanamo’, 1950, p. 27. 


The new forma was designated by Rasdnen on a specimen collec- 
ted by me (No. 161). The isotype with me has a distinct lower cortex 
and therefore seems to have been erroneously placed under hypoleuca, 
which is characterised by the absence of lower cortex. It resembles 
esorediata in all characters except that the thallus is partially superficially 
red-coloured, the medulla is yellowish to reddish and K —. 


Habitat.—On bark of trees and over mosses. 


Localities.—E.. Himalayas : Darjeeling, alt. 6,000 ft., 1948, DDA (No. 
161); Darjeeling, Rongoo, 1954, T. R. Seshadri, No. A 8 (No. 3405); 
Darjeeling district, above Kurseong, alt. 5,500 ft., 1957, DDA 
(No. 3911). 


4. Anaptychia firmula (Nyl.) Dodge et Awasthi comb. noy. (PI. XI, 
Fig. 4). 


—Syn. Physcia firmula Nyl. in Synops. Meth. Lich., 1860, p. 418; 
Ao Zabibra in) CartLich. Univ]: 1931, p. 618. 


According to Dr. C. W. Dodge (in private communication) the 
species firmula should belong to Anaptychia “ on account of Nylander’s 
phrase ‘stratum corticale cavitatibus tenuibus tubulosis intricatis ’ 
and the fact that Trevisan put the species in his Heterodermia which 
included mostly species of Anaptychia”’, I have not been able to examine 
. the type specimen but have collected certain specimens which tally to 
the description by Nylander and possess a fibrous upper cortex of longi- 
tudinally disposed hyphae. In addition Nylander (1860) and Hue (1892) 
have placed firmula under “ stirpes Physciae ciliaris”’ all the species of 
which are now under Anaptychia, and consequently firmula should also 
occupy the same position. 


Thallus foliose suborbicular, firmly adpressed and sometimes not 
easily separable from substratum; often thalli confluent and superposed 
and thus assuming large dimensions. Laciniae subdichotomously to 
pinnately, -+ sinuately divided, compactly imbricated in the central 
part and distinct only in the periphery and then usually 0-5 mm. broad 
while in the central part or in older laciniae up to 2 mm. broad, margins 
and tip subascending. From the margins of the laciniae in the central 
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part of the thallus small rounded squamular lobules arise and are densely 
imbricated. Thallus above sordid grey to grey-pale, not smooth, + 
imperceptibly rugulose, the lobules and older parts of the laciniae inter- 
mittently white margined; the apical ends sometimes brownish; below 
whitish pale in apical parts and pale grey in the older parts; rhizinae 
present, concolorous to thallus surface. No soredia and _ isidia. The 
white marginal areas often give a false conception of its being sorediate. 


Thallus 180-250, thick, corticated by longitudinally disposed 
hyphae on both the sides. Upper cortex 60-70, thick, darkish pale 
in the exterior region. Algal stratum subcontinuous, 25-30 thick, 
cells 10-12 (14), in size, greenish yellow. Medulla generally colour- 
less but here and there especially along the marginal area croceus; 
hyphae densely superficially granular, granules dissolve in K and then 
hyphae 4 thick. Lower cortex 15-25» thick. 


Cortex K + yellowish, I + bluish, Pd —. Medulla in colourless 
parts K —, Pd —; incroceus parts K + reddish to reddish violet, Pd + 
yellow to deep yellow. 


Apothecia usually abundant, crowded, — superficial, — sessile 
1-2 (3) mm. in diameter; disc concave to plane, dark brown, epruinose; 
margin entire to somewhat sulcate to minutely appendiculate in over- 
mature and large ones. Thecium 120-130, thick, pale brownish in 
the uppermost 15-20 region, I+ blue. Hypothecium colourless, 
algal stratum present below the hypothecium, medulla croceus, K + 
reddish violet. Asci 8-spored; spores brown, 2-celled, ellipsoid, thick- 
walled, (20) 24-28 (30) x 11-144 in size. 


Habitat.—Over stones or ground, sometimes on tree-trunk. 


Localities —E. Himalayas: Darjeeling, alt. 7,000 ft., 1957 DDA (Nos. 
3866, 3909). N.W. Himalayas : Almora district, Askote, alt. 
4,500 ft., 1954, DDA (No. 2664); 1955, DDA (Nos. 3296—on bark 
3308, 3310); 1958, DDA (Nos. 3965, 3967), Almora, alt. 6,000 ft., 
1956, DDA (No. 3465); Kali River Valley, on way to Purnagiri, 
alt. 1,000 ft., 1956, DDA (No. 3379—on bark), Kangra district. 


Manali, 1952, O. A. Hgeg (No. 1488). 
Earlier Reports: As syn. Physcia firmula Nyl. 


From Himalayas coll. Hooker and Thompson, Nylander (1860 
p. 418), and Hue (1892, p. 110); from Kumaon, Stirton (1876, s 157). 


The species is very closely related to A. esorediata but can easily 
be distinguished by the habit and colour of the thallus. The inter- 
mittently croceus nature of the medulla and its positive reaction with 
K can also be used as a distinctive character as no such structure occurs 
in A. esorediata, and is of especial advantage in those specimens of 
esorediata which are somewhat pale in colour. 


5. Anaptychia sorediifera (Mill. Arg.) Du R. et Lynge. (PI. XI, Fig. 8 
In Videnskapasselsk. Skrift., Mat.-naturv. eae No. 16, Foo 
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p. 12.—Physcia speciosa var. hypoleuca f. sorediifera Miill. Arg. 
in Flora, 68: 1885, p. 502—Anaptychia hypoleuca var. sorediifera 
Vain, in Philip.J. Sci., Sec. C., 8: 1913, p. 106; A..Zahlbr. in 
Catal. Lich Univ.3-'7: 1931, p. 727. 


Thallus foliose, suborbicular, loosely appressed to the substratum, 
laciniate; laciniae subdichotomously or irregularly pinnately divided, 
discrete to sometimes imbricate, 0-5-1-5 mm. broad, sorediate apices 
broadened up to 2 mm., round to spatulate and recurved. Laciniae above 
plane to convex, glaucous white, pale glaucous to grey; below white 
farinose, ashy to blue grey, especially in older parts. Laciniae margins 
with branched black fibrils directed vertically downwards to the sub- 
stratum. Soralia apical, lip-like on the recurved spatulate laciniae 
in the peripheral part of the thallus or apical on the short lateral 
branches of the laciniae and in the latter case appearing as marginal, and 
often becoming confluent; soredia white to ashy white. 


Thallus 160-250 » thick, corticated on the upperside and scarcely 
along the margins. Upper cortex (20) 30-100 u thick, obscure pale in 
the uppermost 10-15 w region and colourless inwards, irregularly wavy 
in outline on the innerside. Algal stratum subcontinuous in + 
rounded 20-40, thick groups. Medulla hyphae densely superficially 
granular, granules dissolve in K and the cleared hyphae about 44 thick; 
sometimes the exterior part of medulla brownish. 


Thallus above K + yellow; below K+ yellow; I—, Pd—. 


Thallus rarely fertile; apothecia scarce, up to 5mm. in diameter, 
superficial, sessile; disc plane to concave, dark brown, epruinose; 
margin thick, thalline, prominently densely sorediate from the young 
stages. Thecium 180-200, thick, pale brown for + 20, in the epi- 
thecium, I + blue; hypothecium colourless with dispersed algal groups 
below it. Asci 8-spored; spores brown to dark brown, 2-celled, ellip- 
soid, 28-36 x 16-204 in size, thick-walled (Text-Fig. 12). ; 


Habitat.—Over stones, on ground, over mosses or on tree trunk. 


Localities. —E. Himalayas : Sikkim Gangtok, alt. 6,000 ft., 1947, DDA 
- (No. 138)—over stone; Darjeeling, Lloyd Bot. Garden, 1957. 
DDA (Nos. 3848 and 3851); Darjeeling, Observatory hill, alt. 
7.000 ft., 1657, DDA (No. 3860)—fertile; Darjeeling near Kurseong, 

alt. 5,500 ft., 1957, DDA (No. 3905)—on tree trunks, 


N.W. Himalayas: Almora district, Askote, alt. 5,500 ft., 
1954, DDA (No. 2661)—on ground; Almora near Kasardevi, 
alt. 5,800 ft., 1956, DDA (No. 3477)—on ground among mosses; 
Almora district, near Digtarh, alt. 5,500 ft., 1958, DDA (No. 
3997)—_fertile. 


South India: Madura, Palni Hills, Kodaikanal, 1906, Rev. Fr. 
Leigh (Hb. Magnusson and duplicate in herb. Meo)—on moss; 
Madurai, Shembaganur, alt. 6,000 ft., 1957, G. Foreau (Nos. 3780, 
3785)—over stone—Laciniae compact marginally imbricate and 
blue grey on underside. ae 
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E. Nepal: Mewakhola Valley, alt. 8,500 ft., 1953, DDA (No. 
2237 B). 


Earlier Reports 


From Darjeeling and Sikkim, Smith (1931, p. 132); from 
Manipur, Assam as syn. A. speciosa vat. hypoleuca f. sorediifera, 
Miill. Arg. (1892, p. 218); from Darjeeling as syn. Pseudophyscia 
speciosa v. hypoleuca f. sorediifera, Miill. Arg. (1894, p. 195). 


The two fertile specimen Nos 3860, 3997 detailed above have 
sorediate apothecial margin and according to Lynge’s (1924, p. 13) 
observation ‘‘the margin of apothecia is sorediate in the f. diademata 
(Tayl.). This is a little significant form”, these should probably be 
included under f. diademata (Tayl.). But Lynge has not specified the 
type of this forma. If, however, the type was meant to be Parmelia 
diademata Taylor (1847, p. 165), Lynge’s f. diademata (Tayl.) is erro- 
neous. Taylor’s diademata is reported to have flattish buds along the 
apothecial margin and not soredia and placed under 4. hypoleuca as 
done by Zahlbrucker (1931), and described later (p. 428) in detail. 


Anaptychia sorediifera var. colorata (Zahlbr.) H. Magn. (PI. XI, Fig. 9). 
In Ark, Bot. Ser. 2, 3 (10): 1955, p. 391—Pseudophyscia hypo- 
leuca v. colorata; A. Zahlbr. in Sitz. ber. Kais. Ak. Wiss. Wien. 
math-naturw. Class, 61: 1902, p. 413—Anaptychia hypoleuca vy, 
colorata A. Zahlbr. in Catal, Lich. Univ., 7: 1931, p. 726. 


Laciniae convex on the upperside, smooth, -+ waxy shining 
underside pale yellow to ochraceous especially in the apical parts and 
then K+ red to red violet. Soralia present only in the peripheral 
region of the thallus on the curved apices of the laciniae. 


Thallus 160-250, thick. Specimens sterile. 
Habitat—On bark of trees, sometimes over stone or ground. 


Localities.—E. Himalayas ; Darjeeling, alt. 6,600 ft., 1957, DDA (No. 
3849). 


N.W. Himalayas: Almora district, Askote, 1955, DDA (No. 
3307)—over stone; Almora, alt. 6,000 ft., 1956, DDA (Nos. 3456 
and 3576)—on bark of tree; Almora district, Digtarh to Askote 
1958, DDA (No. 3981); Kangra district, Kulu, alt. 4,000-4,500 ft., 


1952, O. A. H¢geg (No. 1457)—on ground, laciniae short, much 
imbricated and darker greenish grey. 


: Uttar Pradesh: Kali River Valley near Tanakpur, alt. 1,500- 
2,000 ft., 1955, DDA (No. 3180) and 1956, DDA (No. 3363). 


But for the soredia. these specimens resemble A. hypoleuca vat. 
fuivescens in the nature and colour of the laciniae and in the K reaction 
on the underside of thallus. The two have been found to grow together 
almost intermixed and imbricated (in No. 3576). However, they can 
be easily separated out by the presence of soredia and thallus sterile 
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in v. colorata and thallus fertile and absence of soredia in A. hypoleuca 
v. fulvescens. 


6. Anaptychia dendritica (Pers.) Vain. 
In Etud. Lich, Brésil, 1: 1890, p. 134; A. Zahlbr. in Cat. Lich. 
Univ., 7: 1931, p. 71%. Reported from Darjeeling, Chopra 
(1934, p. 80). 


7. Anaptychia hypoleuca (Mihlbg.) Mass. 
In Atti. [.R. Istit. Veneto. Ser. 3, 5: 186C, p. 249; A. Zahlbr. in 
Catal. Lich. Univ., 7: 1931, p. 725—Parmelia hypoleuca Miihlbg. 
in Catal. Plant. America. Sept., 1813, p. 105. 


Thallus foliose, suborbicular, radiating, loosely attached to the 
substratum, laciniate; laciniae subdichotomously to pinnately branched, 
often imbricated, plane to convex, contiguous, + 1 (1-5) mm. broad, 
apices rounded to acute. Thallus above whitish grey to pale glaucous 
grey, smooth; lower side pale grey to brown, erhizinose; black, squar- 
tose branched fibrils all along the lower margin of laciniae. No soredia 
and isidia. 


Thallus (100) 160-200 (250) thick, corticated only on the upper 
side by longitudinally disposed conglutinate hyphae. Cortex 20-1104 
thick, irregularly wavy in the inner outline, darkish pale for 8-20 
towards the exterior. Algal stratum continuous, + 40 thick; algal 
cells 10-14, green. Medulla colourless, hyphae 4-5y thick, densely 
superficially granular. Marginal fibrils about 150, thick at base. 


Upper cortex K + yellowish, Cl —, I—, Pd —. 


Medulla K + yellowish to sometimes violet brown, Cl—, I —, 
Pd. 


Apothecia usually many, superficial, sessile to subsessile, rounded, 
up to 5mm. in diameter; disc concave to plane, dark brown, epruinose, 
margin thick, thalline, denticulate, incised crenate to appendiculate. 
Thecium 140-160 thick, uppermost 15-20 yellowish brown, I + blue; 
hypothecium colourless, Asci 8-spored; spores brown, 2-celled, 
elongate ellipsoid, thick-walled, somewhat constricted at the septum, 
(24) 32-40 (46)x(14) 16-20 (21) in size (Text-Fig. 5). Paraphyses 
simple, sometimes shortly bifurcated at the apical end and thickened 
at the tips. 


Habitat.—On bark of trees, sometimes also over stones. 


Localities. —South India : Palni Hills, Kodi, 1906, Rev. Fr. Leigh, No. 14 
(duplicate specimen through courtesy of Dr. Magnusson, in herb, 
author No. 3613); Kodaikanal, alt. 7,000 ft., 1912, A. Sauliere 
(Hb. Cal.): Madurai, Shembaganur, alt. 6,000 ft., 1957, G. 
Foreau (No. 3781)—over stone—the lower side at the apex of 
laciniae K+ violet brown; the spores smaller (24x 14,). 
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E. Nepal: Mewakhola Valley, alt. ‘11,000 ft., 1958, DDA 
(No. 2439)—over stones. The thallus is violet grey brown in the 
central part, the apices of the laciniae are + acute, the marginal 
black fibrils are comparatively much longer, densely branched, 
interlocked and form a + felt-like growth underneath the thallus. 
The apothecia are very lightly pruinose and the spores are larger 
40-46 x 18-21 ». However it is surmised that these variations 
may only be ecological adaptations to the high altitude (11,000 ft.) 
where it grew and thus within the fold of the species. 


Earlier Reports 


From Darjeeling, Smith (1931, p. 132) and Chopra (1934, p. 78); 
from India as Syn. Physcia hypoleuca, Hue (1892, p. 109). 


Anaptychia hypoleuca var. diademata (Tayl.) A. Zahlbr. (Pl. XII, 
dig. 4) 


In Annal. Naturh. Hofmuseums. Wien. 11: 1896, p. 191; Cat. 
Lich. Uniy., 7: 1931, p. 726—Parmelia diademata Tay). in Hook. 
J. Bot., 6: 1847, p. 165. 


Thallus stellate, suborbiculate, laciniate, up to 8 cm. in size. Laciniae 
distinctly furcate to subdichotomously branched, Imm. in width, 
flexuose, sometimes imbricated. Thallus above plane to convex, smooth, 
glaucous white to greyish; below white to greyish: margin fibrillate; 
fibrils brown: black, branched. No soredia and _ isidia. 


Thallus about 160, thick in peripheral parts. Upper cortex 
40-60, colourless to scarcely dark in the exterior region. Algal stra- 
tum continuous, 25-30 thick, cells 10-16 in size, green. Medulla 
hyphae densely + longitudinally disposed and at times conglutinated, 
superficially densely granular, granules dissolving in K, hyphae 4 yp 
thick. 


Thallus above K + yellow, below (= medulla) K —. 


Apothecia plenty, superficial, subsessile, up to 3 mm. in diameter; 
disc concave to plane, brown to dark brown; margin crenulate to 
dentate. Cylindrical or narrow flattish elongated lacinules or ‘ buds’ 
on the margin or on the submarginal region of the receptacle and in 
mature apothecia single or rarely double row of the lacinules present 
as a crown-like growth; lacinules 0-5 mm. broad and 1-5 mm. long. 
Thecium 180-200 1 thick, brownish in the epithecium, I + blue; hypo- 
thecium colourless; algal cells below the hypothecium. Asci 8-spored; 
spores brown, 2-celled, ellipsoid, thick-walled, 36-48 x 18-24 7 


Habitat,—On tree trunk with mosses. 


Localities.—E. Himalayas ; Darjeeling, above Kurseong, alt. 5,500- 
6,000 ft., 1957, DDA (No. 3916). N.W. Himalayas : Almora dis- 
trict, near Askote, alt. 5,500 ft., 1958, DDA (No, 3982), 
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Earlier Report. 
From Nepal, Taylor (1847, p. 165)—the type. 


Anaptychia hypoleuca var. fulvescens Vain. 
In Philip. J. Sci., Sec. C. 8: 1913, p. 106; A. Zahlbr. in Catal. 
cma Unive < 19315\.p. 727. 


Thallus subsimilar to the type. Laciniae subdichotomously 
branched, uniformly 1-5-1-75 mm. broad to sometimes 2:5 mm. broad 
and lobes becoming subascending and imbricated. Thallus above 
convex, whitish to whitish pale or glaucous grey, often pale grey in older 
parts, smooth, + waxy; below pale to pale grey or ochraceous. 
Thallus (160) 200-250 » thick. Upper cortex 30-120; algal stratum 
continuous or discontinuous, 50-60 thick, when discontinuous algal 
cells in groups in the concavities of the cortex. No lower cortex. 


Upper cortex K + yellow; medulla K + violet brown especially 
at apices of the laciniz. 


Apothecia up to 7 mm. in diameter, concave, with denticulate 
margins, sometimes margin proliferate lobulate. Thecium ca. 150 » thick, 
hypothecium light pale, 60, thick. Asci 12050, in size, 8-spored; 
spores brown, 2-celled, ellipsoid, 32-36 (48) 16-20 (24). Pycnidia 
sometimes very well developed in apical parts of lacinie as black dots, 
pyriform with dark brown mouth, up to 250 in width. Pycnoconidia 
3x0-75-1 » in size. 


Habitat—Over bark of trees. 


Localities —E. Himalayas: Darjeeling, above Kurseong, alt. 5,500 ft., 
1957, DDA (No. 3917—sterile with pycnidia; No. 3915—fertile). 
In both these the cortex is thin and algal stratum is continuous. 
In the fertile specimen the apothecia are denticulate to proliferate 
laciniate, resembling the young thallus laciniae; the spores also 
are larger, 40-48 18-24, in comparison to 32-36 16-20 
in the following 2 specimens. 


N.W. Himalayas: Almora district near Kasardevi, alt. 6,000 ft., 
1956, DDA (No. 3466—Apothecia immature, pycnidia predomi- 
nant); Almora district, Ranikhet, alt. 6,500 ft., 1956, DDA (No. 
3535—well fertile, pycnidia scarce). 


8. Anaptychia leucomelaena (L.) Vain. 


In Etud. Lich. Brésil., 1: 1890, p. 128; A. Zahlbr. in Catal. 
Lich. Univ., 7: 1931, p. 730—Lichen leucomelos Linn. in Spec. 
Plant., edit. 2, 2: 1763, p.-1613. 


Thallus loosely affixed to the substratum, narrow laciniate; laci- 
niae discrete, usually pendulous, linear, elongate, dichotomously 
branched, 0-5-1 mm. broad (to 2 mm. before bifurcation), apex cuneate 
margin fibrillate, Laciniae on the upper side plane, smooth to sometimes 
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rugulose, glaucous white to pale greyish; on underside plane to canali- 
culate, white farinose, rarely at apices of young laciniae deep yellow to 
ochraceous; marginal fibrils frequently shortly branched, 5-8 mm. 
long, concolorous to thallus at base and brown black in the rest part. 
No soredia and isidia (excl. varieties). 


Thallus 180-200, thick, corticated by longitudinally disposed 
hyphae on the upperside and along the margin. Cortex 25-140 y thick, 
obscure pale for about 10, in the exterior and colourless inwards, 
irregularly wavy in inner outline. Algal stratum discontinuous; cells 
in -+- globular groups located in concavities of the cortex and sometimes 
within the cortical tissue; algal cells rounded, green, 8-10 (12) u in size. 
Medulla thin, colourless, or rarely pale ochraceous; hyphae densely 
superficially granular; granules dissolve in K and then hyphae 4 
thick, thick-walled. 


Cortex K + yellowish, I—, Pd—. Medulla when _ colourless 
K —, when pale or ochraceous K + red violet. 


Apothecia dispersed, on the laciniae, subglobose when young, later 
podicellate peltate, up to 4mm. in diameter; disc plane, white to bluish 
white, pruinose; margin dentate to appendiculate, lobules white fari- 
nose on upperside, often incised and black fibrillate marginally. 
Thecium 140-160 » thick, pale brown in the uppermost region and with 
a granular to chain-like growth on the surface for 20-40, I+ blue; 
hypothecium colourless to scarcely pale, 60-70, thick, no algal cells 
below it; cortex of receptacle uniform, about 160 thick. Asci clavate 
to pyriform, shorter than thecium by about 10, and about 40 » thick, 
8-spored; spores brown, 2-celled ellipsoid, rarely constricted at the 
septum, thick-walled, 36-54 x 20-25 y in size (Text-Fig. 10). Paraphyses 
simple, slender. 


Habitat——On twigs and trunk of trees. 


Localities.—South India : Kodaikanal, alt. 7,000 ft., 1953, O. A. Hgeg 
(Nos. 2567 and 2568); Mysore, 1956, DDA (No. 3584). 


Earlier Reports 


From Darjeeling, Smith (1931, p. 132) and Chopra (1934, p. 76); 
Seay eee as Syn. Parmelia leucomela Ach., Montagne (1842, 
py. 19). 


Anaptychia leucomelaena var. angustifolia, (Mey. et Flow. : 
(Pl. XII, Fig. 1) gustif (Mey ow.) Miill. Arg. 


In Engl. Bot. Jahrb. 20: 1894, p. 249; A. Zahlbr. in Catal 
Lich. Unive Tt 1931, p. 732—Parmelia leucomela var. angusti- 
folia Mey. et Flow. in Nova. Acta Acad. Leopold. Carolin, 19: 
Suppl., 1843, p. 221. | oie 


Thallus pendulous, much diffuse; laciniae much elongated than 
the type, narrower, usually less than 0-5 mm. broad; marginal fibrils 
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1 mm. or more long, frequently branched. Laciniae often blue black in 
older parts; narrowly canaliculate on underside. Spores (36) 40-50 
(58) x (16) 20-24 » in size. Resembling the type in other characters. 


TextT-Fics. 1-12. To show the types of spores in the various species of Anop- 
tychia worked out. Spores of: 1. Anaptychia ciliaris (L.) K6rb; 2. A. corallo- 
phora (Tayl.) Vain.; 3. A. himalayensis Awasthi (from type); 4. A. esorediata 
(Vain.) Du R. et Lynge; 5. A. hypoleuca (Miihlbg.) Mass.; 6. A. podocarpa (Bél.) 
Mass.; 7. <A. incana (Strtn.) Zahlbr. (from No. 3844); 8. A. incana (from No. 
3856); 9. A. indica H. Magn. (from Type); 10. _A. leucomelaena (L.)  Vain.; 
11, A, Pellucida Awasthi; 12, A, sorediifera (Mill. Arg.) DugR. et  Lynge. 
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Habitat-—On twigs and trunk of trees and frequently also on ground. 


Localities —E. Himalayas : Sikkim, Chhangu, alt. 10,000 ft., 1948, 
DDA (No. 166), Sikkim, T. Thomson (No. 296) (Hb. Cal.); Assam 
Sergia Mountains, Simons, No. 384 (Hb. Cal.); Darjeeling alt, 
5,800-7,000 ft., 1948, DDA (No. 164), , Darjeeling, Sandakpoo. 
alt. 9,000-10,000 ft., 1953, DDA (No. 2509—spores up to 58 p long); 
Darjeeling Tiger Hill, 1954, DDA (No. 3131) and 1957, DDA 
(No. 3897). 


N.W. Himalayas: Almora district, Dhakuri to Khati, alt. 
8,000 ft., 1950, DDA and A. M. Awasthi (No. 679)—sterile, laciniae 
much narrower, marginal fibrils unbranched. Almora near Kasar- 
devi, alt. 6,000 ft., 1956, DDA (No. 3461); Almora, Jageswar, alt. 
6,500 ft., 1956, DDA (No. 3497); Mussoorie, alt. 7,000 ft., 1952, 
O. A. H@geg (No. 3386); Chakrata, alt. 7,000 ft., 1949, DDA 
(No. 471); Tehri Garhwal, 1951, DDA (No. 866) and below Jam- 
notri, alt. 9,500 ft., 1951, DDA (No. 902). 


South India : Kodaikanal, alt. 7,000 ft., 1953, O. A. Hgeg 
(Nos. 2569, 2570—laciniae crisp, up to 280, thick). 


E. Nepal : Rakshe to Ethung, alt. 7,000—9,000 ft., 1953, DDA 
(No. 2117). 


Earlier Reports 


From Nepal, Thumje (Asahina, 1955, p. 63); from India as Syn. 
Physcia leucomela var. angustifolia, Nylander (1860, p. 415) and as 
Physcia angustifolia, Hue (1892, p.. 108). 


Anaptychia leucomelaena var. sorediosa (Jatta) A. Zahlbr. 


In Catal. Lich. Univ., 7: 1931, p. 733—Parmelia leucomela 
var. sorediosa Jatta in Annali di Botan., 6: 1908, p. 407. 


Thallus pendulous, laciniate; laciniae diffuse, 0-2-0-5 mm. broad; 
intermittently white sorediate along the margin. Thallus usually sterile. 


Habitat.—On tree-trunk. 


Localities—E. Himalayas: Darjeeling, alt. 7,000 ft., 1949, DDA 
(No. 163); 1957 (No. 3861). 


N.W. Himalayas : Almora district, Askote, alt. 5,500 ft., 1955, 
a756) (No. 3313 B), Mussoorie, alt. 7,000 ft., 1957, DDA (No. 


Anaptychia leucomelaena var. soredobullata Awasthi var. nov. 


A typo differt, laciniae subtus interdem bullato-sorediatis. 


Thallus pendulous, laciniae diffuse, up to. 1 mm. broad or broader 
and then irregularly multifid; glaucous white above and white farin- 
nose below, Laciniae intermittently bullate sorediate on the underside. 
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Habitat.—On tree trunks. 


Localities —E. Himalayas: Darjeeling, alt. 7,000 ft., coll.: D. D. Awasthi 
3-10-1957 (No. 3862, in Hb. Author)—TYPE. 
N.W. Himalayas: Almora district, Askote, alt. 5,500 ft., 1955 
DDA (No. 3313 C). | 


This variety from both the above localities has been found growing 
in association of the var. sorediosa, but the two are distinct in the habit 
of laciniae and its mode of branching as also the ventrally bullate 
sorediate surface at places. 


9. Anaptychia ciliaris (L.) Kérb. 
apud Mass. in Memor. Lichenogr., 1853, p. 35; A. Zahlbr. in 


Catal. Lich. Univ., 7: 1931, p. 707—Lichen ciliaris Linn. in 
Spec. Plant., 1753, p. 1144. 


Thallus diffuse suberect or decumbent. Laciniae elongate, branched 
and imbricated, narrow (usually 1mm. broad sometimes narrower to 
0-5 mm.) with fibrils along the margin. Upperside of thallus smooth, 
greenish grey or dark grey; underside canaliculate, whitish pale; fibrils 
concolorous to the upperside or brown. No soredia and isidia. 


Thallus corticated on the upperside and along the margins by 
longitudinally disposed conglutinate hyphae; cortex 40-70» thick with 
the inner outline irregularly wavy. Algal stratum discontinuous, cells 
in the concavities of the cortex, in 35-40, thick groups; algal cells 
12-16» in size, green. Medullacolourless; hyphae 4—5 » thick, loosely 
interwoven. No lower cortex. 


Thallus K —, Cl—, Pd—. 


Apothecia lateral, shortly podicellate, rounded, up to 3 mm. in 
diameter; disc plane, brownish black, pruinose; margin thalline, cre- 
nate. Thecium 120-140 thick, pale brownish in the uppermost region 
for 20-45, I+ blue; hypothecium colourless to faintly pale. Asci 
' club-shaped when young, mature ellipsoid, 100-110 x 35-45 1; 8-spored ; 
spores brown (immature colourless), 2-celled, elongate ellipsoid, some- 
what constricted and bent at the septum, thick-walled, 32-44 x 16-22 u 
in size, wall 2 thick (Text-Fig. 1) Paraphyses simple. 


Habitat.—On twigs of trees, on ground and over stones. 


Localities —Kashmir : Srinagar, 1954; and Pahalgaon, 1954, T. R. 
Seshadri (3403 A and B)—Fertile, corticolous; Srinagar, Shankara- 
charya Hill, alt. 5,500 ft., 1953, DDA (2638)—on ground and over 
stones among mosses. The thallus forms diffuse bushy growths 
and is sterile. A small specimen (Hb. Cal.) coll.: Dr. Brandis, 
1864, from N.W. Himalayas and det. as var. angustata (Tuck.) 
Zahibr. has laciniae less than 0-5 mm. wide and the spores 44-48 x 
20-24 ». Another specimen (Hb. Cal.) coll.: Dr. Skoliczka No. 347 
from China, N.W. Himalayas and det. as var. crinalis (Torss.) 
Rabh. has much divided and narrow laciniae, The specimen is 
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sterile. The specimen (No. 2638) from Srinagar is closely com- 
parable to this latter specimen (var. crinalis). 


10. Anaptychia pellucida Awasthi 
In Proc. Indian Acad. Sci., 45B: 1957, p. 136. 


Specimens collected again (in 1957) from the type locality exhibit 
a usually smaller size of the thallus, and the upperside is glaucous white 
to brownish. The thyrsoid branched, black fibrils (cilia) are mostly 
restricted to the margins of the laciniae and are rarely superficial (in con- 
trast to the type where they were frequent). 


Habitat.—On twigs of shrubs. 


Localities —E. Himalayas: Sikkim, Chhangu, alt. 11,000 ft., 1947, 
DDA (Nos. 128, 130—spores 64-68 x 24-324); From the type 
locality Darjeeling, Tiger Hill, 1957, DDA (No. 3894)—spores 
typical (Text-Fig. 11). 


11. Anaptychia comosa (Eschw.) Mass. (Pl. XII, Fig. 8). 


In Memor. Lichenogr., 1853, p. 39, Fig. 41; A. Zahlbr. in Catal. 
Lich. Univ., 7: 1931, p. 717—Parmelia comosa Eschw. apud 
Martius in JIcones Plant. Cryptogam. 2: 1828-34, p. 25, 
Table XII, Fig. 1. 


Thallus up to 1-5 cm. in size, laciniate; laciniae basally narrow affixed 
to the substratum, upwards subascending, broader to 5 mm., irregularly 
lobed, lobes round, superficially and marginally densely fibrillate 
laciniae above convex, scarcely bullate scrobiculate, white, ashy white 
to ashy grey; below whitish to lightly greenish-white, farinose in the 
apical parts. Fibrils up to 2mm. long and 80 thick at base, simple, 
somewhat tapering, whitish to concolorous to thallus, sometimes distally 
brown black. No soredia and isidia. 


Thallus comparatively thin, only 100-200» in thickness, corticated 
only on the upperside. Cortex 40-80 of longitudinally disposed com- 
pact hyphae. Algal stratum + 40 thick, cells 12-16. Medulla thin 
of few + projecting superficially granular hyphae, granules dissolving 
in K. Fibrils without any algal cells within them. 


Thallus above K + yellow, Pd —, I—. 
Specimens sterile. 
Habitat.—On twigs of shrubs and trees. 


Localities —E. Himalayas: Darjeeling, Lloyd Botanic Gard 
6,500 ft., 1957, DDA (No. 3850). y arden, alt. 


N.W. Himalayas: Almora district near Jageshwar T 
alt. 5,500 ft., 1956, DDA (No. 3513 B). geshwar Temple, 


_ This species is typically tropical American in distribution. It is 
being reported for the first time from outside this zone and its occur- 
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tence in the E. and N.W. Himalayas is interesting as regards its dis- 
continuous distribution in temperate regions so far off from America. 


12. Anaptychia himalayensis Awasthi 
In Proc. Indian Acad. Sci., 45B: 1957, p. 134. 


The complete description of the species is provided in the ‘cited 
reference, except that the following correction is to be substituted. On 
re-examination of the reaction on the medulla by K it has been found 
that the medulla turns ochraceous red and is not K —, as reported 
earlier. This reaction is pronounced in the apical ends of the laciniae 
and thereby brings this species very close to A. podocarpa. Spores 
from type specimen (Text-Fig. 3). 


In addition to the type locality it has been collected from elsewhere 
as follows :— 


Habitat.—Over stones. 


1 eae Himalayas : Darjeeling, alt. 7,000 ft., 1954, DDA (No. 
133); 


N.W. Himalayas: Almora district, Dhakuri Khati, alt. 8,000 ft. 
1950, DDA and A. M. Awasthi (No. 678), Askote, alt. 4,500 ft., 
1955, DDA (No. 3299 B) and Almora, alt. 5,200ft., 1956, 
DDA (No. 3520). : 


13. Anaptychia podocarpa (Bel.) Mass. (Pl. XII, Figs. 5 and 6). 


In Atti IR. Istit. Veneto, Ser. 3, 5: 1860, p. 249; A. Zahlbr. in 
Catal. Lich. Univ., 7: 1931, p. 736—Parmelia podocarpa Bél. in 
Voyage aux Indes-Orient., Il, Crypt., 1846, p. 122, Table XIII, 
Piguet. 


Thallus usually originating as discrete, narrow and + stellate ad- 
pressed laciniae which soon are broadened, become suberect to erect 
apically so that ultimately the mature fertile thallus is rosulatous or 
caespitose and the primary adpressed parts of the laciniae are obscure 
or indistinct. The widening and erect nature of the laciniae usually 
associated with the fertility of the thallus. Sometimes the thalli caespi- 
tose from the very beginning. Laciniae of the mature fertile thallus up to 
3mm. broad (rarely broader), convex, subtubular and imbricated or 
superposed; above convex, smooth, glaucous white, glaucous grey to 
rarely brownish; below concave, white farinose in older parts and 
usually coloured light ochraceous or croceus ferrugineous in the apical 
parts. Laciniae margins beset with fibrils; fibrils rarely simple, usually 
variously irregularly branched or squarrose or thyrsoid, concolorous 
or brown black. No soredia and isidia. 


Thallus 250-300 pu thick, corticated only on the upperside and along 
the margins by longitudinally disposed conglutinate hyphae. Cortex 
40-250 » thick, irregularly wavy on the inner outline, exterior 15-20» 
region obscure pale grey. Algal stratum not continuous, algal cells 
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8-14 in size, greenish, in 40-80» thick groups. Medulla thin, colour- 
less or pale croceus or reddish; hyphae densely superficially granular, 
granules dissolve in K and hyphae then 4-5 thick. Marginal fibrils 
up to 2-5mm. long and 0:25 mm. thick at base. 


Cortex K + yellowish, I-+ blue, Cl —, Pd—. 


Thallus lowerside (= medulla) K + cfoceus ferrugineous, ochra- 
ceous red or red violet. 


Apothecia subterminal, usually up to 5 mm. (rarely 10 mm.) in dia- 
meter, podicellate, stalk tubular; disc concave, plane to convex, caesio- 
pruinose (rarely in overmature stages become epruinose), dark brown 
on removal of pruina; margin irregularly incised dentate to proliferate 
lobulate; lobules of the same size all round or the one disposed on the 
upper free side larger, colourless, croceus to ochraceous red coloured 
above, margins of the lobules usually without fibrils (in few cases small 
fibrils also observed). Thecium 160-180 (200), thick, pale brownish 
in the uppermost 10, region and colourless inwards, I + blue; hypo- 
thecium light pale, 40-60, thick. Asci 140-160 32-40. in size, 8- 
spored; spores brown to dark brown, 2-celled, ellipsoid to oval ellipsoid, 
thick-walled (32) 36-48 (52)x(16) 20-24 (28) » in size, cell lumen 
rounded globular to elongate (Text-Fig. 6); in over-mature spores oily 
globules present. Paraphyses slender, conglutinate. 


Habitat—On twigs of trees and shrubs (rarely over stone). 


Localities —E. Himalayas: Darjeeling, alt., 5,000 ft., 1948, DDA 
(No. 131); Darjeeling, Sandakhpoo, alt. 10,000 ft., 1953, DDA 
(No. 2506); Darjeeling, alt. 7,000 ft., 1954, DDA (No. 3163); Dar- 
jeeling, alt. 6,500-8,500 ft., 1957, DDA (Nos. 3845 B and 3896 B). 


N.W. Himalayas: Almora district, Askote, alt. 4,500—5,500 ft., 
1955, DDA (Nos. 3299 A, 3312 and 3435); Almora district, 
Jageshwar, 1956, DDA (No. 3513 A); Ranikhet-Chaubattia, 1956, 
DDA (Nos. 3549, 3554); Mussoorie, 1952, O. A. Héeg (No. 1443) 
and Mussoorie, 1957, DDA (No. 3795). 


Nepal: 1952, M. L. Banerjee, (No. 1414); E. Nepal: Mewa- 
khola Valley, 1953, DDA (No. 2237)—medulla K —. 


Earlier Reports 


The type itself from S. India and later from Darjeeling (Chopra, 
1934, p. 77). 


The species is widespread in the temperate regions of Himalayas 
and exhibits certain variations due to which a clear-cut circumscription 
of this species has not been possible to be made out here in the absence 
of the type specimen. The type figure in Bélanger (1846, p. 122, Fig. 1) 
exhibits a stellate rosulate nature of the thallus and an individual lacinia 
drawn shows it characteristically broadened apically and as if fixed 
basally, the apothecial margin is efibrillate. Hue (1892, p. 108) reports 
“medulla et pagina infera thalli K mox crocee vel croceo-ferrugineo 
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tinguntur’. The spore size also shows good latitude of variation 
ara 168 -) according to observations of Vainio and Hue (Lynge, 
paD- 818): 


The specimens examined can be grouped as follows according to 
the prominent variations exhibited by them. 


(a) Thallus glaucous white, originating as stellate adpressed but 
fertile laciniae rosulatous, the marginal fibrils concolorous, sparingly 
branched; apothecial margin with small crenate lobules—showing the 
maximum resemblance to Belanger’s figure—occurring in (Nos. 131, 
3299 A, 3312, 3513 A, 3549, 3554 and 3795). 


(6) Thallus brownish caespitose, laciniae basally fixed and broadened 
above (comparable to Belanger’s figure of lacinia), marginal fibrils 
brown black, thick, thyrsoid branched and apothecial margin lobulate 
(Nos. 3435, 3845 B and 3896 B). 


(c) Thallus glaucous white to greyish brown, laciniae much elongated 
and comparably slightly broadened, marginal fibrils long, irregularly 
densely branched (Nos. 1414 and 2506). 


All the above specimens except No. 2237 showed positive K reaction 
on the medulla, the colour change varying from ochraceous to red vio- 
let. The colour change is quicker in the younger parts of the laciniae 
which are usually naturally somewhat coloured. It is to be remarked 
here that some of the specimens may come near to Anaptychia podocarpa 
var. hypochroa (Vain.) Sato, which is distinguished from the type by the 
ochraceous medulla becoming violet by K. But not much emphasis 
should probably be laid on the colour reaction in this species as it is 
liable to vary on the age and location of the thallus. The laciniae on 
underside are white farinose in older parts and coloured in young parts 
and in young thalli. The K reaction is quicker and more prominent 
in these coloured parts while the white farinose parts develop coloura- 
tion much later or sometimes may act negatively (as is also the case in 
A. leucomelaena). 


Further I am of the opinion that in morphologically similar two 
specimens if the medulla of one is K + red or reddish and of the other 
has by nature a corresponding colour the two should be considered 
the same species. The corresponding colouration as of K reaction in 
medulla of the latter has the possibility of being brought about by its 
ecological or climatic conditions where a reaction similar to the adding 
of K may be brought about in nature. 


This conclusion is based on the personal observations in the field on 
the thalli of Parmelia meizospora (Nyl.) Nyl., P. cirrhata Fr. and P. adau- 
gescens Nyl. in which the central parts of the thalli and its medulla are 
naturally coloured reddish (comparable to K reaction) while the peri- 
pheral lobes or the young thalli in the neighbourhood are uneffected. 
Drawing a parallel in this species it is found that the medulla is K + 
croceus ferrugineous or ochraceous red and a comparable colour is 
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developed in nature as found in specimen Nos. 3896 B, 3435 and 3795. 
The colouration is deeper and more prominent in the lobules of 
the apothecial margin. 


Rarely, when conditions are probably not favourable for the deve- 
lopment of apothecia the laciniae continue to be adpressed and un- 
broadened as observed in specimen Nos. 1443 and 3163. There 
probably exists a close relation between the fertility and broadening and 
erect nature of the laciniae. 


14. Anaptychia incana (Strtn.) A. Zahlbr. (Pl. XII, Fig. 7). 


In Catal. Lich. Univ. 7: 1931, p. 727—Physcia incana Stirton 
in Proc. Phil. Soc., Glasgow, 11: 1879, p. 322. 


Thallus subcaespitose to rosulate, 4-5 cm. in size, laciniate; laci- 
niz basally narrow affixed to the substratum and then upwards convex, 
expanded, up to 5mm. broad, divided irregularly and subascendant. 
Thallus above smooth, glaucous white to pale or ashy grey or rarely 
brownish; below concave, white farinose, sometimes minutely nervose; 
margin fibrillate, fibrils to 3 mm. long, basally concolorous to thallus 
but for the major part dark brown to brown black and _ thyrsoid 
branched. No soredia and isidia. Sometimes pycnidia well developed 
as black, minute protuberances on upperside. 


Thallus 250-300, thick, corticated by longitudinally disposed 
conglutinated hyphae only on the upperside. Cortex (40) 80-160 » 
thick (rarely to 240, thick and forming the nervose reticulations on 
underside), uppermost 20-25 region obscure pale to pale brownish; 
inner outline of cortex irregular wavy. Algal stratum discontinuous, 
in 60-80 thick groups in concavities of the cortex, algal cells 10-14 
in size, rounded, green. Medulla thin of loose, superficially densely 
granular hyphae of 4-5-5-5, in thickness. 


Thallus above K + yellow, below (medulla) K —; cortex I + blue 
(except the exterior 20-25, region); Pd —. 


_ Apothecia 4-6 (rarely 8)mm. in diameter, profuse, podicellate, 
arising subapically and becoming tubular podicellate during maturity, 
disc plane, white pruinose (dark brown when pruina removed); margin 
incised, crenate to lobulate; lobules on the upperside larger, margin 
of lobules usually fibrillate. Thecium 160-200, thick, granular pale 
grey for 10-15, in the epithecium, thecium I+ blue and ultimately 
deeper greenish blue; hypothecium 40-80, thick, pale to rarely 
brownish pale. Asci 160 35-40, in size, 8-spored; spores brown, 
2-celled, oval ellipsoid, thick-walled, (32) 36-48 x 1624p in size (Text- 
fig. 7,8) Paraphyses simple. 


Habitat—On twigs of shrubs and trees, also over stones. 


Localities—E. Himalayas: Darjeeling, Lloyd Botanic Garden, alt. 
6,500 ft., 1957, DDA (Nos. 3844, 3845 A)—on shrubs and trees; 
Darjeeling below Sonada, alt. 5,500 ft., 1957, DDA (No. 3856)— 
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On vertical stone wall by roadside—the growth of the thallus and 
laciniae is decurrent; Darjeeling, Tigerhill, alt. 8,500 ft.;- 1957, 
DDA (No. 3896 A)—on twigs. 


Earlier Report 
The type itself is from Darjeeling. 


15. Anaptychia indica H. Magn. sp. noy. (Pl. XI, Figs. 2 and 3) 


“ Laciniae thalli pallidae, subcaespitosae, adscendentes, laevigatae, 
ad basin applanatae, cetero convexae, saepe tubuliformes et fertiles, 
marginibus laciniarum et margine apothecii fibrillis densis, nigricantibus 
ramosisque ornatis, facie inferiori albido haud corticato. Apothecia 
numerosa, podicellata, profunde concava, disco caesioalbo pruinoso 
margine haud lobulato. Sporae pro genere mediocres. Ramulicola.’> 


Habitat——On twigs of shrubs. 


Locality.x—E. Himalayas : Darjeeling, Tigerhill, alt. 8,500 ft., D. D. 
Awasthi, 6-10-1957 (No. 3893 in Herb. D. D. Awasthi)—TYPE. 


Thallus subcespitose, laciniate. Laciniae basally narrow, appla- 
nate to the substratum, ascending, distally broader, divided irregularly 
and convex; margin densely fibrillate. Thallus above smooth, convex, 
glaucous pale to greyish pale; below concave, white farinose and often 
minutely nervose. Fibrils up to 4mm. long, greyish just at the base 
and for the greater part brown black and densely thyrsoid branched. 
No soredia and isidia. 


Thallus 200-300 » thick, corticated on the upperside and along 
margins only, by longitudinally disposed conglutinated hyphae. Cortex 
40-200 » thick, with an exterior + 20 region obscure pale; inner 
outline of cortex irregular wavy. Algal stratum discontinuous, + in 
rounded or globular groups of 40, thickness, located in concavities 
of the cortex; algal cells 8-14, in size, green; small algal cells with 
solitary inclusions while larger cells with 4-6 globular inclusions; algal 
cells sometimes located within the tissue of cortex. Medulla of loosely 
disposed, superficially densely granular hyphae, hyphae 4 in thickness. 


Thallus above K + yellow, below (= medulla) K —, Cortex I+ 
violet blue to deep blue (except in the exterior region); Pd —. 


Apothecia subterminal or subapical on the laciniae, podicellate, 
stalk tubular; disc concave to plane, white to light brownish white 
pruinose; margin not lobulate, uniformly about 0-4mm. wide, but 
with dense and characteristically thyrsoid branched, brown black 
fibrils; fibrils present from the very young stages of the apothecium. 
Thecium 160-180 thick, pale brownish and granular for 10, in the 
epithecium; I+ blue to ultimately deep greenish blue; hypothecium 
pale to light brownish pale, 60 thick. Asci 8-spored; spores brown, 
2-celled, ellipsoid, (36) 40-48 (52) x 20-24 in size, thick-walled (Text- 
Fig. 9). Paraphyses simple. i 

8 
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This species is readily distinguished by the dense thyrsoid branched, 
brown black fibrils present in the margins of the laciniae and apothecia. 
There are no lobules along the apothecial margin. The thyrsoid 
branched, brown black fibrils are present from the very early stages of 
development of apothecium. 


The genus Anaptychia as we thus find is well represented (3 of the 
total species) and widely distributed in the area dealt. The Himalayan 
region represents one of the chief centres of distribution and it is no 
wonder that with more intensive explorations and collections yet many 
new species may be added up as my own collections have brought forth 
three new species. 


The genus is rather characteristic in possessing a fibrous (non- 
paraplectenchymatous) cortex of longitudinally disposed conglutinate 
hyphae. This longitudinal disposition of the hyphae has probably 
developed to increase the tenacity of the thallus as many species of this 
genus are fructiculose pendulous without lower cortex and are attached 
only basally. The lower cortex with rhizoids is present only in a few 
species while the majority lacking it are fruticulose. Side by side 
there has arisen the development of marginal fibrils as an aid to firmer 
affixation. These marginal fibrils have sometimes been given taxo- 
nomic importance but it seems to me rather uncertain. I am more 
inclined to consider that the branching, length and colour of these 
fibrils is dependent on the ecological adaptations rather than be of 
specific or varietal distinction. When firmer affixation is necessary 
(as exposed to strong winds) the marginal fibrils should necessarily be 
stronger and well branched and ultimately leading to the tendency 
of the development of fibrils even to the margins of the apothecial 
lobules. The species podocarpa shows rather great variations in this 
respect as circumscribed above. 


The spores exhibit a great uniformity in their general structure and 
good latitudes of sizes. However they show the remarkable formation 
. of pellucid areas at the spore ends, the initiation of which is noticeable in 
the species incana, leucomelaena and indica while it finds its maximum 
expression in the spores of the species pellucida. 
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SUMMARY 


1. The paper deals with the species of Anaptychia from India 
and Nepal. The study is based on the lichen specimens preserved in 
the author’s private herbarium. 


2. Keys as an aid to identification of 15 species of Anaptychia 


known from this region have been drawn out and 14 species worked 
out in detail. 
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3. The varieties and species designated as new are: Anaptychia 
leucomelaena var. soredobullata Awasthi and A. indica H. Magn. 


4. The new combinations proposed are: Anaptychia esorediata f. 
brachyloba (Miill. Arg.) Awasthi, A. esorediata f. rubescens (Ras.) Awasthi 
and A. firmula (Nyl.) Dodge et Awasthi. 


5. The following species are reported for the first time from the 
area treated: Anaptychia ciliaris (L.) Kérb and A. comosa (Eschw.) 
Mass. 
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EXPLANATION OF PLATES 


PLATE XI 


5 3. Anaptychia esorediata (Vain.) Du R. et Lynge. Fig. 1. (No. 
ag arent enthee apothecial margin, x3/5; Fig. 2. (No. 580) with crenu- 
late apothecial margin, x7/10; Fig. 3. (No. 157) with descrete laciniae, 


x 9/10. 
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Fic. 4. A. firmula (Nyl.) Dodge et Awasthi (No. 2664), x1. 

Fic. 5. A. speciosa (Wulf.) Mass. (No. 1515), x9/10. 

Fic. 6. A. speciosa f. isidiophora (Nyl.) Zahlbr. (No. 3847), x7/10. 

Fic. 7. A. corallophora (Tayl.) Vain. (No. 3846), 9/10. 

Fic. 8. A. sorediifera (Mill. Arg.) Du R. et Lynge (No. 2237 B), x7/S. 
Fic. 9. A. sorediifera y. colorata (Zahlbr.) H. Magn. (No. 3981), x1. 


PLATE XII 
‘Fig. 1. epihe yes leucomelaena var. angustifolia (Mey et Fl.) Mill. Arg. (No. 3897), 
x 7/10. 
Fics. 2 AND 3. A. indica H. Magn. nov. sp. (No. 3893 Type). Fig. 2., x4/5 and 
Fig. 3, x1—Note the distinct black fibrils along the apothecial margin. 
Fic. 4. A. hypoleuca v. diademata (Tayl.) Zahlbr. (No. 3916), x4/5. 


Fics. 5 ae 6. A. podocarpa (Bel.) Mass. (Nos. 3534 and 3896 B respectively) each, 
pale 


Fic. 7. A. incana (Strtn.) Zahlbr. (No. 3844), x4/5. 
Fic. 8. A. comosa (Eschw.) Mass. (No. 3850), 9/10. 


Vol. XXXIX, PL, XI 


J. INDIAN BOT. SOC. 


Lk a eT 


Fics. 1-9 


D. D. Awasthi 


Vol. XXXIX, PL, XII 


J. INDIAN BOT. SOC. 


FIGS, 1-8 


D. D. Awasthi 


DEVELOPMENTAL PATTERN OF THE 
PRIMARY VASCULAR SYSTEM IN THE 
STEM OF A CISSUS SP. 


By J. J. SHAH 


Department of Botany, University School of Sciences, Gujarat University, 
Ahmedabad, India 
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INTRODUCTION 


THE present paper deals with the study of the developmental pattern of 
the primary vascular system in the stem of a Cissus species. The identifi- 
cation of the species is not definite (Shah, 1958) but according to Rev. 
Fr. Prof. Santapau (personal communication) the species is very close 
to C. quadrangularis L. My recent observations on the plants growing 
on the campus of the Annamalai University show that it should best 
be considered as a variety of C. quadrangularis. 


The Cissus sp. is a scandent tendril climber. It branches vigorously 
during the monsoon season and in summer, most of the leaves fall and 
the subterate phylloclade remains with dried tendrils. The leaf is simple, 
petiolate and incised with a pair of auricled stipules. At each node, 
the tendrilis opposite the leaf. Their position is alternate and distichous. 
Each tendril bears a bract-like scale at a short distance from the node. 
The large ear-shaped stipules develop rapidly and protect the foliar and 
tendrilar primordia. Each stipule has at its base two auricular lobes, 
situated just below the node. The stipular scar is cauline. 


MATERIAL AND METHODS 


The shoot tips were fixed in formalin-acetic-alcohol. Ethyl alcohol 
and xylol were used for dehydration and embedding. Transverse and 
longitudinal sections, 8-12 » thick, were cut and stained in Heidenhain’s 
haematoxylin and saffranin, and saffranin and fast green. The shoot 
tips were cleared in varying concentrations of KOH solution and after 
thorough washing in water were stained with saffranin or Delafield’s 


haematoxylin. 
OBSERVATIONS 


In this investigation, criteria used by Esau (1943, 1954) have been 
followed, for recognising the procambium. The serial transections of 
a terminal bud of the Cissus species (Text-Figs.. 1-29) illustrate the 
typical pattern of differentiation of the primary vascular system. The 
shoot apex is at midplastochron as the foliar buttress is present (Text- 
Fig. 2). Signs of vacuolation in the centra] core area are visible Toughly 
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about 25-30, below the terminal apex. The earliest vacuolated area 
may not be centric. This process is gradual, i.e., initially a small group 
of cells appears vacuolated, and farther below, the vacuolated area gets 
increased. This finally delimits the “* peripheral meristem” (Text- 
Fig. 3), a region of future cortical and vascular tissue (Esau, 1942), 
though this terminology of abstracting this portion of meristem from 
the apical meristem. as a whole may be questioned (Professor Wardlaw 
in personal communication). According to Louis (1935) and Kaplan 
(1937) (quoted in Esau, 1942), the vacuolation of the cortex and pith 
occurs approximately at the same level in the large-leaved dicotyledons. 
But in Cissus which is large leaved, the vacuolation of the pith is evident 
at a higher level in the shoot apex than that of the cortex. This is 
similar to Linum perenne (Esau, 1942), a small-leaved dictoyledon. In 
some terminal buds, about 72 u below the apex and before any visible 
node is established, two or three layers of small cells were observed 
surrounding the central medullated core (as shown by small dots in 
Text-Fig. 2). They are distinguished from the surrounding ground meri- 
stem by their denser staining and characteristic orientation. This can 
be termed as the ‘‘ meristem ring’’ (Sterling, 1949) or preferably the 
‘*‘ residual meristem ring’’ (Esau, 1953, 1954). But at this limit of the 
shoot apex, it is not always possible to distinguish the residual meristem 
from the surrounding tissue, as both are more or less similarly stained. 
But towards the first node, it appears clearly distinct from the pith and 
the cortex (Text-Figs. 4-8). 


At the first visible node the pith area appears clearly delimited. The 
first stipular and foliar primordia are observed in conjunction with the 
axis (Text-Figs. 3-8). Text-Figure 1 indicates that the rate of develop- 
ment of each member of the stipular pair is not uniform. The free 
part of the stipule ‘primordium initially shows a single median pro- 
cambial strand (Text-Fig. 2, st). In still younger stipules, this may 
not be present. At the region of conjunction of stipules with the axis, 
a procambial arc (Text-Figs. 3, 4, pc) of semicircular nature is visible. 
This is more deeply staining than the residual meristem. Text-Figures 
3-8 reveal the type of vascular relation of the first leaf, stipules and the 
axis. Two paits of procambial strands linked by residual meristem 
are observed at the end of the first plastochron (Text-Fig. 8). They are 
associated with the vascular supply of the first leaf and its stipules. 
They occupy a corner position in the axis, At a higher level of the 
node, their union forms a single median leaf trace (Text-Figs. 3, 4), 
Out of each pair, one that is away from the leaf-base girdles half-way 
round the axial cylinder and joins with its second member (Text-Figs. 
4, 6, 32, gr). This girdle trace becomes the principal source of vascular 
supply of each stipule. This observation is also supported by the cleared 
preparation of the terminal bud. Two vascular strends which are away 
from the point of foliar insertion become horizontal at the node and each 
girdle half-way round to that side of the cylindrical axis which is with- 
out any foliar and tendrilar appendages (Text-Figs. 4, 6). 


Previously it was mentioned that the free part of the stipule shows 
a median procambial strand (Text-Fig. 2) which originates from the 
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TextT-Fias. 1-9. Serial transections of the terminal bud frcm tke shoot apex, 
passing through first and second nodes and internodes. Figs. 1-8, x150. Fig. 9, 
x60. Figs. 1-9 are respectively following microns below tke shoot apex: 24, 108, 
132, 144, 156, 168, 180 and 264. The numerals with L, S and T indicate their res- 


pective position from the shoot apex. In Fig. 2, st represents median procambial 
strand. In Fig. 9, in left 2nd stipule, st shows one median and two lateral bundles, 
in right stipule, ore composite median bundle and a lateral bundle. Procambial 
strands closely and residual meristem thinly stippled. The central pith and cortex 
of the axis unstippled. The number of procambial strands is given in the sequence. 
of their appearance in transections. Further explanations in the text. 

(a), less staining area due to vacuolation; ax, apical meristem region of shoot 
apex; ax,, axillary bud; gr, girdle trace; L,, first foliar primordium; /b, leaf 
buttress; pc, procambial arc; pm, peripheral meristem; 7r, residual meristem 
ring; rm, residual meristem; S,, first stipule; st, stipular bundle; T1, first 


tendril primordium, 
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girdle trace at a lower level. Later many vascular branches differentiate 
vertically from the girdle trace. In the youngest stipules observed, only 
the girdle trace is present. Text-Figures 3 and 4 clearly indicate that 
the girdle trace passes through the stipular tissue which is in conjunction 
with the axis at the node (refer Shah, 1959 4). 


The axillary bud meristem of the first leaf, with its lighter staining, 
is easily distinguished (Text-Figs. 3, 4) (pertinent information regarding 
its origin, development and vascularisation will be published elsewhere). 
Its procambial relation with the axis is absent, except that the meristem, 
at a lower level of the node appears closely associated with the residual 
meristem of the axis (Text-Fig. 5). Both the tissues are indistinguishable 
at this level. Still below, this area appears vacuolated due to parenchy- 
matisation of the tissue (Text-Fig. 6). 


As the tendril does not originate exactly opposite the leaf, the two 
primordia are not observed in the same plane. The first tendril here 
does not show any procambial relation with the axis (Text-Figs. 9, 10). 
The second tendril in a transection shows a ring of vascular meristem 
which does not show any procambial strand except on the abaxial side 
of the ring (marked x in Text-Fig. 9), where a small group of vascular 
meristem cells has begun to divide. This is to form the scale trace as 
the scale initiation is about to occur in this tendril. Farther towards 
the node, the vascular ring forms a loop or an arc ar, the two ends of 
which join with the two flanks of the opened axial ring (Text-Figs. 9-12). 
There is a single tendril gap (tg.). Text-Figure 13 magnifies a part of the 
axial vascular ring where the tendril trace pc is supposed to be present. 
Obviously it is difficult to distinguish this strand because adjacent resi- 
dual meristem cells also appear dividing (Text-Fig. 13). At a lower 
level, this region appears more or less similar to the residual meristem. 
This group of cells (Text-Fig. 13) is considered as a single procambial 
strand of the tendril trace which at the base of the tendril becomes ring- 
like mostly as described by Eames and MacDaniels (1947, p. 44). The 
vascular ring first shows a single procambial strand which is associated 
with the median trace of the scale. In the older tendrils, two lateral 
procambial strands (which are associated with the lateral traces of the 
tendri] scale) first appear, followed by a number of them. Hence the 
tendril trace in the older tendrils becomes a composite one. 


The two lateral vascular strands are observed in the second stipule 
(Text-Figs. 9, 10) and the leaf (Text-Fig. 16). Text-Figures 14-20 show 
the pattern of primary vascular system at the second and third node and 
second internode. The vascular connection of the axillary bud with 
the axis is not yet observed. For every leaf at these stages four vascular 
strands are organised: Correspondingly twelve procambial strands, 
representing the Jeaf trace bundles, are present in the axis (Text-Fig. 19). 


The node is quadrilacunar, i.e., there are four lateral gaps fi 
(Text-Figs. 32-37), gag be Bae 


The residual meristem is now showing increasing vacuolation. 
Yet its identity and meristematic potentiality are discernible. It connects 
_ the various procambial strands and hence the stele can be imagined as 
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a cylinder, though the general outline of the stele is slightly angular - 
(Text-Fig. 21). Its vascular strands represent the organised centres, 
specialised for the function of conduction and the undifferentiated resi- 
dual meristem as the potential vascular meristem. The leaf trace 
bundles occupy the corners of the stele, linked by the residual meristem 
and other procambial strands (Text-Fig. 21). 


- -16. Figs. 10-12 and 14-16. Serial transections of the terminal 
bud Fe on fon Fig. 9. They cover the second and the third ncdes ane 
second internode from the shoot apex. Figs. 10-12 and 14, x60. aoes soe 
x56. Fig. 13. Part of Fig. 12 (shown by an arrow enl) ee SEA 
Figs. 10-16 are respectively following microns below the apex: 288, ; : ; 
Et a it leaf bund! tendril trace; pt, pith; rm 

i is; it, lateral leaf trace bundles; pc, ace; pt, | : , 
uae Le ae t, position of tendril trace; tbs, scale of third tendril,) 


448 Jj. J. SHAH 


TexT-Fics. 17-23. Transections in continuation from Fig. 16, passing through 
third node and internode and fourth node, x56. In Figs. 17, 18 procambium 
strands 1-4, 5-8, 9-12 are associated respectively with first, seccrd and third leaf. 
In subsequent sections procambial strands numtered as 1, 2, 3 are supposed to be 
associated with the respective leaves from the apex. In Figs. 17-23 and the subsequent 
ones the} strands marked x are obliquely cut and marked yv are probably developing 
from the residual meristem. In Fig. 23 the numerals in tt show position of the vascular 
strands. Residual meristem is not shown in Fig. 23 and subesquent ones. Partly 
it has differentiated into interfascicular parerchyma. Figs. 17-23 are respectively 
following microns below the apex: 566, 686, 722, 806, 866, 1,022 and 1,070. 


(g, gap; tg, tendril gap; ft, tendril trace.) —,.. 


The tendril trace at a higher Jevel of the node is recognised as three 
procambial strands but farther below they unite and form a single strand 
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(Text-Fig. 20, tt). Another feature is the presence of small procambial 
strands (Text-Figs. 20, 21, v) which appear to be unrelated with the leaf 
or tendril trace. They are probably developed from the residual meri- 
stem. That the residual meristem is not uniformly stained is obvious 
from Text-Figures 6, 16,21. Especially, the residual meristem areas at 
the two sides of the stem where the leaf and the tendril do not arise, 
show gfeater parenchymatisation (Text-Fig. 21, a). Text-Figure 22 
shows five developing procambial strands (labelled as v) along the above- 
mentioned side of the residual meristem. This is an indication that its 
parenchymatisation has not reduced its vascular potentiality. 


Text-Figures 22-29 show the vascular relationship at the fourth 
node and internode. The tendrilar vascular system consists of a num- 
ber of procambial strands which as they approach the node begir 
to fuse and form an atc which closes the tendril gap (Text-Fig. 23, 71). 
The position of the various procambial strands can be located in the 
arc. Their separate identity is observed in the axis for some length. 
Farther below, three vascular strands appear as the tendril trace (Text- 
Fig. 24). Finally a composite tendril trace bundle is observed (Text- 
Pigveo, th): 


The vegetative axillary bud, as its vascular relation with the axis is 
established, shows a single branch gap. The branch and the leaf gaps 
do not appear to be common. In Phlox (Miller and Wetmore, 1946), 
Syringa (Garrison, 1949 a), Betula and Euptelia (Garrison, =1929 b), 
the branch gaps become confluent with the leaf gaps. In Text-Figure 24, 
the two arrows show two bud traces. Two lateral gaps of the fourth 
leaf (Text-Figs. 26, 27) occur adjacent to two bud traces. Procambial 
strands, Nos. 1 and 3 of Text-Figure 28, appear to form the bud trace 
while the presence of No. 2, interpolated between these two, may prob- 
ably be explained if its position is compared with that in Text-Figures 
20 and 21. These bud traces at the fourth node represent vascular 
strands connected with the second Jeaf. In the fourth internode, twenty- 
five vascular strands are present (Text-Fig. 29). 


Text-Figures 30-37 show the vascular relation and arrangement 
of primary vascular system in the fifth node and internode. This series 
of sections is from another plant. Twenty-five vascular bundles are 
here present as in Text-Figure 29, The stipules show six vascular strands 
including the median one. The vascular relation between the axillary 
bud and the axis is similar to that described above. Here the bud has 
a pait of prophylls, each having a median trace. The bud axis shows 
a ting of residual meristem with two developing procambial strands 
towards its abaxial side (with reference to the shoot axis), Each strand 
represents the prophyll trace. At the node, the ring becomes a loop. 
The three traces of the tendril are observed in the internode for some 
length and farther below they fuse into a composite one (Text-Figs, 
33-36). The number of primary vascular strands in the fifth internode 
is 26 (Text-Fig. 37) while in the sixth one, it is 31 (Text-Fig. 38). It is 
usually a constant number in the older internodes. 
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TEXT-FiGs, 24-29, Transections in 


fourth node and internode, x56, bg in Fig. 
Arrow in Fig. 26 show 


are respectively following microns below the apex: 1,130, 1238 oli, 
and 1,550. 


(bg, branch gap; mt, median leaf trace. Other explanations in the text.) 
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Nine OB 


Text-Fics. 30-38. Serial transections of fifth node and internode of a second 
plant, x34. The vascular strands and tissue are shown by general outline of dots. 
Figs. 31-37 are respectively following microns telow Fig. 30: 60, 180, 216, 294, 
294, 318, 378, 426 and 474. Fig. 38. Transection of sixth internode, x34. 


(t, vascular strands of tendril; /f, a single tendril trace.) 
DISCUSSION 


For studying the developmental pattern of the vascular system 
at the shoot apex, the two main aspects are the recognition of the pro- 
cambium from the primordiat meristem and the study of the topographic 
pattern of the procambial differentiation (Esau, 1954). The recognition 
‘of the procambium from the apical meristem is said to be difficult and 
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subjective (Esau, 1943, 1953, 1954). In the present study, the ‘* peri- 
pheral meristem” jis first clearly distinguished. A distinct “residual 
meristem” ring could not always be ascertained. The early procambial 
differentiation is linked with the first foliar initiation. But during the 
first plastochion, procambial strands, linked by residual meristem, are 
differentiated below the apex. So the delimited vascular region at the 
first node consists partly of procambium and residual meristem. It 
also means that they are differentiated from the primordial meristem and 
neither of the tissues has any independently distinct and sharply defined 
stage in the developmental pattern of primary vascular system in this 
plant. This also confirms Esau’s view (1954) that the relationship 
between the two tissues is close and that needs renewed emphasis. Pro- 
fessor Wardlaw (in personal communication) suggests that the physio- 
logical changes in the apical meristem should also be taken into con- 
sideration. Moreover, the use of the term ‘“‘residual meristem’’ as 
a ‘‘ derivative of the apical meristem in which differentiation is less 
obvious than in the adjacent ground tissue” is therefore fully justified 
(Esau, 1953, 1954). The pattern of initial vascularisation, observed 
in Cissus, closely follows that described by Esau (1954) for seed plants, 


Recently Majumdar (1955, 1956) and Mitra and Majumdar (1952) 
have discussed the morphological problem of Jeaf-base and origin and 
vascularisation of the stipules. Suffice it to mention here that the ini- 
tiation of the stipule in Cissus occurs before a stipule trace arises as a 
branch from the Jateral leaf trace. Moreover, the girdle trace of the 
leaf actually passes through the basal part of the stipular tissue which 
is in conjunction with the stem (Text-Figs. 1-8). But it may be men- 
tioned that the vertical strands that later vascularise the stipule have 
their origin in the girdle trace [pertinent information regarding the 
origin, development and vascularisation of the stipule is published 
elsewhere (Shah, 1959 a, 5)]. 


In the youngest tendril examined, the vascular meristem is ring- 
"ike. At the axial node, it becomes a loop and later is identified as a 
single trace. The solitary trace of a young tendril becomes a composite 
one in the older nodes. The latter consists of three vascular strands 
which unite to form a single one in the lower region of the axial node. 
De Bary (1884, p. 308) reported three trace bundles for the lateral branch 
and the tendril in Vitis vinifera. Arshad (1955) describes the tendril 
trace in some species of Vitaceae as “* protrusion of the axial vascular 
cylinder’? which when separated from the axial stele forms the tendril 
trace. According to him it consists of many bundles which arrange 
themselves in the form of a ring at the base of the tendril. The present 
study indicates that this is an erroneous view of the tendril trace. It 
appears Arshad has only studied mature nodes or not examined tne 
nodal region thoroughly. Marsden and Bailey (1955) have rightly 
emphasised that investigations of fully matured structures, at nodal 
levels without comprehensive developmental investigations at successive 
Jevels of the shoot and leaf, may be misleading. 
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SUMMARY 


_ The developmental pattern of the primary vascular system is de- 
scribed in the stem of a Cissus sp., the identification of which appears 
to be close to C. quadrangularis L. The central medullation in the 
shoot apex occurs earlier before the cortical parenchymatisation. It 
carves out a “ peripheral meristem”. The differentiation of the residual 
meristem and procambium from the “‘ peripheral meristem’ is closely 
associated with the first foliar initiation. There are two pairs 
of lateral traces for a stipulate Jeaf. The node is quadrilacunar. 
The two bundles, away from the point of foliar insertion, form 
gitdle traces, each of which becomes the principal source of vascu- 
lar supply for the stipule. There is a single gap for the tendril 
with one trace bundle. The latter becomes a composite bundle in the 
older nodes. There is a single branch gap with two traces. At the 
third node, the axial stele has twelve vascular strands exclusive of a 
tendril trace. But in the fourth and fifth internodes, twenty-five and 
thirty-one strands are respectively observed. 
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STUDIES IN THE AUTECOLOGY OF 
EUPHORBIA HIRTA LINN. 


By P. S. RAMAKRISHNAN 


Department of Botany, Banaras Hindu University, Varanasi-5 
(Received for publication on June 15, 1959) 


SYSTEMATIC autecological investigation of weed species is very meagre. 
The stimulus for autecological research has come from the economic 
importance of certain tree species and crop plants. Pelton (1951, 1953) 
has stressed the importance of ecological life-history studies in the under- 
standing of the distribution of the species, as well as aiding the solution 
of problems as environmental response, adaptation and speciation. 
The British Ecological Society in 1940 adopted an ambitious programme 
of working out the ecology of all the species in British Isles. Misra 
(1958) has stressed the importance of studies on similar lines in this 
country too. 


A beginning in the autecological study of weeds in India was made 
by Mukherji (1932), D’Almeida and Desai (1947) and Misra and Siva 
Rao (1948). These studies were followed up by a number of workers 
like Shrivastava and Tandon (1951), Bakshi (1952), Pandeya (1953), 
Bakshi and Kapil (1952, 1954), Mall (1956), etc. 


HABIT AND HABITAT 


Euphorbia hirta Linn. is an erect and ascending or prostrate herba- 
ceous annual weed. The species grows at Varanasi along roadsides, 
gravelly slopes, grasslands, margins of cultivated fields, etc.; in fact 
occupying a wide variety of habitats. The plant, however, is 
infrequently met with in waterlogged soils, as along the margins of 
ponds or drainage channels. 


MorPHOLOGY 


Root System.—Root system is primarily a tap root penetrating 
to a depth of 20-25cm. The fine branches ramify in all directions. In 
the prostrate compact type (mentioned below) the tap root is quite thick. 

Stem.—The erect plants grow up to a height of 60cm. The pros- 
trate plants form small patches on the ground. The stem 1s hairy. 

Leaves.—Opposite, short stalked, 1-:3-3:8cm. long, _ elliptic 
oblong, obovate, or oblong lanceolate, acute, toothed setrulate, base 
narrow, obliquely cordate, stipules pectinate. 

Inflorescence.—Involuctes many, stalked, less than 0-1 cm. Jong, 
crowded in small shortly stalked cymes in nearly all the alternate axils, 
Glands minute, globose, limb very small or obsolete. © \ 

f . 
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Male flowers——Composed of pedicelled stamen; anthers 2-celled. 


Female flowers——Consisting of a 3-celled pedicelled ovary in the 
centre of the involucres, style 3, 2-fid to base. 


Fruit—A capsule, 0-1cm. in diameter, appressedly hairy. 


Seed.—Ovoid, trigonous, minutely rugose, reddish brown in colour. 


GEOGRAPHICAL DISTRIBUTION 


Chibber (1916) states that the genus is doubtfully indigenous to 
India. The species is distributed throughout the hotter parts of the 
country. According to Bamber (1916) the species is found growing 
up to a height of 4,000 ft. The plant occurs in Ceylon, Singapore and 
in all tropical and sub-tropical countries (Duthie, 1915 and Hooker, 
1885). 


ECOTYPIC DIFFERENTIATION 


The study of the variability of plant species in relation to environ- 
ment is possible on two different lines—({i) the modification of the same 
genotype under different conditions and (ii) the hereditary variations 
under different habitats. 


Turesson (1922 a,b) introduced the concept of ecotype and its 
importance in the constitution and origin of species was almost imme- 
diately recognised. He found that the differences recognisable in the 
field between populations of the same species occupying diverse habitats 
were maintained in the experimental garden, even when they were 
grown starting from seeds. He explained this as due to the genotypical 
response of the plant species to a particular habitat. Since then, a 
number of ecotypes in different species have been demonstrated by 
various workers in the field (Turesson, 1923, 1925, 1930; Stapledon, 
1928; Clausen et al., 1940; Lawrence, 1945; Gregor, 1946). 


In E. hirta, two distinct populations have been recognised in the 
field (Ramakrishnan, 1958), 


(1) Prostrate compact type—growing in dry hard soil exposed to 
trampling, especially along footpaths (Plate XIII, Fig. 2) 


(2) Erect type—growing in moist localities (Plate XIII, Figs. 1 and 3). 


In Table I is given a summary of the field observations for these 
two forms regarding the habit of the plant, length of the leaf and length 
of the internode. Frequency distribution diagrams for these two forms 
on vee ee of length of the leaf and internode are given in Text-Figs. 

and 2. 


The form variations shown by the populations of the same geno- 
type in each habitat are called ecads (Clements, 1905). In order to see 
whether the two forms of E. hirta are ecotypes or ecads only, young 
seedlings of both the forms were grown in the garden in two adjacent 
plots under similar conditions.. It was found that the erect type main- 
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Euphorbia hirta—Measurement taken from the field 


é Mean length | Mean length |Mean breadth] Length x 
Getouth form eek ee of the leaf | of theinter-| of the leaf} breadth 
hese} (5th node) | node (5th) | (5th node) | ratio of 

: (cm. ) (cm.) (cm.) leaf 


Erect type «-| 49-80410-51 | 2-4540-46 | 2-5840-67 | 1:0340°17 2°524 


Prostrate com- ne 0-:98+0-31 | 0-7440-26 | 0°6140-15 0-598 
pact type 


tained its habit, while the other one lost its compact nature (Plate XIII, 
Figs. 3 and 4). A summary of the observations regarding the two 
forms after transplantation is set in Table II. 
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Text-Fic. 1. Frequency distribution diagram on the basis of length 
of the leaf. E.T. = Erect type; P.C.T. = Prostrate compact type. r 


A comparison of Tables I and I shows that there is a general 
increase in the length of the leaf and Jength of the internode in the plants 
growing in cultures, which is expected. Zi 
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TABLE II 


Growth of Euphorbia hirta in culture experiment 


Mean length Mean length 
Growth Mean height of the leaf of the inter- Seed 


form of the plant (Sth node) node (Sth) output 
(cm.) (cm.) (cm.) 
Erect type .. 36°244:68 3-74+40:-44 5-:-7441-07 8431 
Prostrate type “p 1-64+ 0-24 2-54+ 0°85 892 
35 
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_  Text-Fic. 2. Frequency distribution diagram on the basis of length of the 
internode. E.T. = Erect type; P.C.T. = Prostrate compact type. 


From the results obtained in the cultures, it was suspected that 
there may be a third form, viz., prostrate type (obtained in cultures) 
growing freely in nature. 


Thus, two ecotypes and two ecads for one of the ecotypes are 
recognised. 


Ecotype No. | 


Erect type—gtowing in moist Jocalities (Plate XIII, Figs. 1 and 3). 
Ecotype No, 2 ’ 


“4 7} Ecad 1—prostrate type—growing in dry hard soil (Plate XIII, 
ig. 4). 
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(d) Ecad 2—prostrate compact type—derived from the above form 
under trampling on footpaths (Plate XIII,‘ Fig. 2). 


The average seed output of the two forms growing under identical 
conditions as given in Table II, is higher for the erect type than for the 
prostrate type. A graph for the field populations of the ecotypes and 
ecads, for the length of the leaf and length of the internode is given in 
Text-Fig. 3. 
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TExT-Fic. 3. Graph showing correlation between length of the leaf and 
length of the internode for the three growth forms of E. hirta. 


SIZE AND WEIGHT OF THE SEEDS 


The seeds are ovoid and trigonous. The length varies from 
643-710 4 and the breadth from 335-455. The shape index as indi- 
cated by the ratio length/breadth varies from 1-4-2-1. 


The average weight of the seeds of the erect type and the prostrate 
compact type collected from each of three localities are set in Table III. 


From Table III, it is seen that the seeds of the erect type 
are heavier than those of the prostrate compact type. 


ENVIRONMENTAL FACTORS 


Climatic.—The climate of Varanasi is typical of the Upper Gangetic 
plains and is distinctly continental. The year can be divided into three 
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TABLE III 
Weight of the seeds of Euphorbia hirta 


Average wt. Average wt. 
Locality Growth form of 200 seeds of a seed 
(gm.) (gm.) 
I Erect type G-0100 6- 000050 
II s Ag 0-0120 0- 000060 
Ill 99 » 0-0110 0-000055 
IV Prostrate 0: 0074 C- 000037 
compact type \* 
Vv s . 0-0078 0- 000039 
VI ¥ = 0: 0082 0-000041 


seasons: (1) Rainy season: from last week of June to October. 
(2) Winter season: from November to February. (3) Summer season: 
from March to 3rd week of June. 


As E. hirta grows throughout the year, it is able to withstand the 
low temperatures of the winter months as well as the extremely hot 
summer. 


Edaphic.—The soil analysis data for both the erect type and 
porstrate compact type are set in Table IV. 


(a) Moisture content.—As alteady pointed out, one of the factors 
influencing the distribution of the two ecotypes is the moisture content 
of the soil. The prostrate type is confined to drier localities only. The 
range of moisture levels in the soil is given in Table IV. 


(b) Hydrogen ion concentration was electrometrically determined. 
It is seen from Table IV that the plant has a wide range of tolerance 
regarding this factor, as it occurs in acidic as well as alkaline soils. 


(c) Carbonate content.—This was determined by Hutchinson and 
MacLennan’s method (as outlined by Piper, 1944) and is found to have 
a range from as low as 0:018% to more than 10°%. ; 


(d) Exchangeable calcium.—This was determined by leaching the 
soil with N/2 solution of acetic acid and following the method as de- 
scribed by Wright (1939) for calcareous soils. A glance at Table IV 
shows that the species has a wide range of tolerance regarding ayail- 
able calcium in the soil. 
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TABLE IV 
Soil analysis data for Euphorbia hirta 


. Exchange- Nitrate : 
Moisture) Carbonate 8 : Organic 
Locality pH content} content able euros et ee Nature of 
(%) (%) calcium | (mg./100 gm. (%) substratum 
> (mg. eq. %)| of soil) 

Ramnagar 8-6 20°5 10-725 47-05 3°83 3°20 | Loose, moist 
a Latifshaw 7°3 29°8 0-055 6°75 3°75 2-50 | Moist 
3 Rajatalab 6-3 27-2 0-040 4°00 2-00 0-94 3 
= 
Fi | University 7-6 | 29-8 | 10-170 | 10-00 2°75 1-20 : 

area 

Akhari 7-4. 28°8 0-024 2-79 2-45 1-15 % 
8 Sarnath 7-9 10-0 0-018 4°75 1-30 3-50 | Dry, hard 
g Rajghat 7:8 6°8 0-572 32-40 5°37 4-80 » 
ra¥ 
g Akhari 7:7 8-2 0-180 5-75 3°75 3°10 on 
12} 
@ | Ramnagar 7°65 2°9 0-620 29-20 2-40 2-60 ” 
= 
a University 6°5 3°2 0-021 6-26 1-20 3-20 ay 
= area 


(e) Nitrate content.—Bharucha and Dubash (1951 and 1951-52) 
have evaluated the degree of nitrophily of EF. hirta as 2:1 compared to 
52:8 for Amaranthus spinosus. According to them, this species comes 
low down in the list of plants studied in}the order of nitrophily. 
From the soil analysis data given in Table IV, it is clear that the 
species has no special preference for nitrates in the soil as it occurs both 
in nitrogen-rich and nitrogen-poor soils. 


(f) Organic matter.—The soils of E. hirta have a range of 0-94 
to 4:8%, of organic matter. 


PERFORMANCE OF THE PLANT IN VARIOUS HABITATS 


Average seed output value in each of the locality for the species 
has been taken as an index of the performance of the plant. 


In the erect type, a correlation could be established between seed 
output of the plant and exchangeable calcium and carbonate content 
of the substratum. Seed output and performance of the plant are 
better in low calcium and low carbonate soils as is clear from Table V. 


In all the localities studied, the prostrate type has assumed compact 
nature under the influence of biotic factors. Hence, the performance 
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of the plants in these localities is governed to a great extent by the 
degree of biotic influences. 


TABLE V 
Seed output of Euphorbia hirta in different localities 


Average Average 
Locality No. of seed Biotic 
capsules output factors 
Erect type 
Ramnagar 1% 2% 299 897 Nil 
Latifshaw ie fe 1131 3393 ‘5 
Rajatalab fz B 1152 3456 © ie 
University area... va 274 822 Ss 
Akhari 7 3. 1208 3624 Ke 
Prostrate compact typ 
Sarnath = ~ 138 414 Moderate 
Rajghat * ve 58 174 Severe 
Akhari a eh 195 585 Moderate 
Ramnagar “a - 212 636 is 
University area... Ay 199 597 * 
ASSOCIATES 


In Table VI is given the common associates of E. hirta with 
frequency symbols. 


Biotic FACTORS 


The prostrate type gives to an ecad the prostrate compact type 
under trampling along footpaths. When the plant is subjected to 
trampling, the apical tender parts get injured and the spread of the 
species is temporarily arrested, Below this injured apex, lateral shoots 
arise, which also are subjected to the same type of injury so that the 
plant remains much reduced and assumes a compact habit. 


The following fungal parasites are recorded on this species fro 
India*—(1) Oidium cyparissiae and (2) Sphaerotheca ie ae 
. PHENOLOGY ~~ 


__ The plant-is found to grow throughout the year flowering and fruit- 
ing freely. The seeds, having no dormancy period, germinate if the 
moisture conditions of the substratum are favourable, flowering starts 


* This information was obtained from the Head of the Divisi 
and Plant Pathology, Indian Agricultural Research Institute, New Delhiv eae 
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when the plant is 5-7 weeks old and the plant completes its life-cycle 
in about 3 months time. 


TABLE VI 


Associates of Euphorbia hirta in different localities 


a Localities 
Plant species ho whe Tac nl 7) SE ee eee 
1 Ms 3 4 5 6 a 

Te eg 

Erect type 
Euphorbia hirta 
Alysicarpus monilifer 
Boerhaavia diffusa 
Cynodon dactylon ; 
Cyperus compressus .. 
Coldenia procumbens 
Cassia tora ‘e 
Desmodium triflorum 
Dactyloctenium 

aegypticum 

Euphorbia thymifolia 
Evolvulus alsinoides .. 
Fimbristylis diphylla . 
Indigofera linifolia 
Rumex dentatus 


f a 
on ae as aa 


roe) 
roo) 


> >t Dd de De 
| 
| 
° 
sat 
S 
Dd dd bd Dd Dd Od OM 


rs pd Os OM Pd 
| 
| ey] | 
| | 
oo, 
D4 Dd na dd Dd dd 


| 
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Prostrate compact type 
Euphorbia hirta f 
Cynodon dactylon .. f — 
Euphorbia thymifolia of. 

E. microphylla 
Evolvulus alsinoides .. 
Mollugo hirta 
Solanum xanthocarpum — 
Sporobolus diander .. f 


ms PS Pt DX Od OS 

| OH eR eR 
oo 

Parent )Pa oP 


jes 
| 
Dod DY Dd Dd be Oe Oe 


Localities : 1—Rajghat; 2—Ramnagar; 3—Latifshaw; 4—Rajatalab; 
5—University area; 6—Akhari. 


r = rare; o.f. = occasionally found; f= frequent; a = abundant; 
— =absent; x =locality not studied. 


GERMINATION 


The seeds have no dormancy period and can germinate immedi- 
ately if the moisture conditions are favourable. 


It was thought necessary to investigate whether germination has 
anything to do with the distribution of the two ecotypes in nature. For 
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this, weighed quantities of oven-dry soils were filled in two sets of four 
Petri dishes. The soil was watered thoroughly and allowed to dry. 
When the required level of moisture was attained, they were maintained 
in their respective moisture levels by daily supply of water lost by evapo- 
ration. Thus, the following moisture levels were maintained in each 
set: (1) 10%, (2) 15%, (3) 30% and (4) 45%. Fifty seeds each of 
the prostrate type and erect type collected in July 1957 were put for 
germination on the 6th January, 1958, in each of the Petri dishes. The 
number of seeds germinated were noted daily. A summary of the 
observations is set in Table VII. 


TABLE VII 


Percentage germination for the two ecotypes under different moisture 
levels of the soil 


% Moisture level in the soil 
Growth form 


10 20 30 45 
Erect type # ee b ioe 20 38 62 22 
Prostrate type a es va 6 54 42 18 


_ From Table VII, it is clear that germination under different 
moisture level cannot explain the distribution of the two ecotypes. 
Maximum germination is obtained in moderately moist soils. 


_ In nature, seed germination of £. hirta is found to be intermittent. 
This is a great asset to the species. Salisbury (as quoted by Verma, 
1936) has drawn attention to the importance of this fact in the survival 
of a plant species. If the germination is intermittent, at least a few of 
the seedlings will meet with favourable conditions for establishment 
and thus the chances for survival of the seedlings are enhanced. In 
E, hirta, intermittent germination will be a great help in seedling estab- 
lishment especially of the prostrate type. 


Germination of £. hirta in diffused daylight, continuous light and 
continuous darkness was studied. Fifty seeds each collected in July 
1957, were put for germination on the 6th February, 1958, between 
moist filter-papers in Petri-dishes under each of the three light condi- 
tions. The number of seeds germinated was counted daily and the 
results are set in Table VIII. 


The maximum germination of 76% is obtained in total darkness 
and the minimum of 52% in continuous light. In continuous light 
and more markedly in continuous darkness there is a simultaneous 
germination of a large batch of seeds at the first instance and afterwards 
the number falls down considerably. / 
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TABLE VIII 
Germination of Euphorbia hirta under different light conditions 


Date In diffused In continuous In continuous 
daylight light darkness 


(Number of seeds germinated out of 50) 


8-2-1958 10 22 
9-2-1958 
10—2-1958 
11-2-1958 
12-2-1958 
13-—2-1958 
14-2-1958 
15—2-1958 
16—2-1958 
17-2-1958.- 
18—2-1958 
19-2-1958 
20—2-1958 
21—2-1958 
22-2-1958 
23-2-1958 
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REPRODUCTIVE CAPACITY 


Salisbury (1942) has studied the reproductive capacity of a large 
number of species. He defines it as the product of the average seed out- 
put and the fraction represented by the percentage germination. It 
indicates the intrinsic capacity of the species to increase in time, pro- 
vided the ecesing factors are favourable. 


E. hirta does not propagate itself by vegetative means. The 
reproductive capacity values for the erect type, prostrate type and 
prostrate compact type are set in Table IX. 


TABLE IX 
Reproductive capacity of Euphorbia hirta 


Growth Average a Reproductive 
form seed output germination capacity 
Erect type Be es 2438 66 1609 
Prostrate type oh Ze 892 66 589 


Prostrate compact type ae 481 66 317 
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In Table IX, the seed output value for the prostrate type is 
obtained from the plants raised up in the culture experiment. The 
reproductive capacity value for the erect type is much greater than that 
for the prostrate type. The low reproductive capacity of the prostrate 
compact type is expected, as these plants are damaged on account of 
biotic factors. 


EPIDERMAL STRUCTURE OF THE LEAVES AND STOMATAL FREQUENCY 


The epidermal structure of the leaves of E. hirta differs in their 
configuration on the upper and the lower surfaces. The cells of the 
lower epidermis are wavy in surface view, while those of the upper sur- 
face are more or less straight. The stomata are found on both the 
surfaces, but their number per unit area is more on the lower side com- 
pared to those on the upper surface. Moreover, the frequency of sto- 
mata is more in the open than in the shade. The data regarding the 
frequency of stomata and stomatal index in the erect type growing in 
the sun and the shade are set in Table X. The leaves for examination 
were picked from Sth node. 


TABLE X 


Stomatal frequency and stomatal index in ‘ sun” and ‘ shade’ leaves of 
Euphorbia _ hirta 


Upper surface Lower surface Stomatal index 
No. of | No. of No. of | No. of 
SI. stomata epidermal stomata epidermal Upper Lower 
No. per cells per ° cells surface surface 
sq.mm. per sq.mm. per 
sq.mm. sq.mm. 
Open 
I 245 725 363 911 25:3 38-5 
II 234 814 333 765 22°5 30-3 
Il 216 716 275 843 23-2 24-6 
Shade fe 
I 108 608 235 735 15-1 24-2 
II 107 627 225 725 14-6 23:7 
Il 157 735 225 676 17-6 24-9 


eee 
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The stomatal frequency and the stomatal index of the leaves of 
the prostrate type and the erect type raised in a neutral substratum in 
the culture garden were also studied. In both the cases, the cells of the 
lower surface of the leaves are more wavy than those on the upper side. 
However, curiously enough, it was found that the epidermal cells of 
the leaves of the erect type are more wavy than those for the prostrate 
type (Text-Fig. 4). The results are set in Table XI. 


Text-Fic. 4. Epidermal structure of the leaves of the prostrate type and the 
erect type grown in a neutral substratum. P.F. =Prostrate type; E.F. = Erect type. 
U.E. = Upper epidermis; L.E. = Lower epidermis. 


From Table XI, it is seen that the stomatal frequency is 
higher in the prostrate type tham in the erect type while the stomatal 
index is more or less the same. ; 


OsMOTIC PRESSURE OF THE CELL SAP 


The osmotic pressure of the cell sap was determined by the cryo- 
scopic method and the results are set in Table XII. 


DISPERSAL OF SEEDS 


Dispersal of the seeds of E. hirta is by an explosion of the capsular 
fruits. Ridley (1930), describing the mechanism of dispersal in capsular 
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TABLE XI 
Stomatal frequency and index of the two ecotypes of Euphorbia hirta 
ee NS a ad ee ee a nee 


Uprer surface Lower surface Stomatal index 
No. of No. of No. of No. of . 
SI. stomata epidermal stomata epidermal Upper Lower 
No. per cells per cells surface surface 
sq. mm. per sq. mm. per 
sq. mm. sq. mm. 
Erect 
type 
I 235 765 333 94] 23-5 26-1 
u 235 794 333 961 22:8 25-7 
li 230 706 343 971 24-6 26:1 
Prostrate 
type : 
I 245 853 382 1088 22-3 26-0 
Il 265 784 43] 1314 25:3 24-7 
ul 292 1029 402 1010 22:1 28-5 
TABLE XII 


Osmotic pressure of the cell sap of Euphorbia hirta 


Moisture Osmotic 
Locality | Growth form content of pressure Remarks 
substratum of cell sap 


pre atmospheres 
I Prostrate compact 3*5 12-90 
type 
II_ _ Erect type 13-6 10-16 


III _—_ Erect type 25-36 7:2 After rains 


The osmotic pressure values range from 7-2-12-9 atmospheres. 
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fruits of Euphorbiacee, states the following: “The outer layer of the 
pericarp is thin and soft, and soon becomes dry, the inner endocarp 
is hard and woody, composed of transverse fibres which are straight 
when wet but recurve on themselves when dry, so suddenly as to cause 
an explosion and eject the seeds,” 


The effectiveness of this type of dispersal was studied inside the 
laboratory. On a large sheet of paper, circles were drawn with radii 
of 5, 10, 15 cm., etc. Freshly picked ripe capsules were put in the centre 
and were allowed to dry. The number of seeds dispersed at various 
distances were noted after 5 hours (Text-Fig. 5). 


qgasusdsidqd SQ3g5S 4AO‘ON 


0 10 20 30 40 50 60 70 75 80 85 
RADIUS OF CIRCLE (GM) 


TexT-Fic. 5. Dispersal of seeds at various distances. 


It is seen from the graph that the dispersal is maximum at 45-50 cm. 
radii. On either side, the number of seeds dispersed decreases slowly 
so that at 5cm. distance there are no seeds and at 80cm. there are only 


very few. 
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SEEDLING MORPHOLOGY 


The germination of the seeds of E. hirta is epigeal. The radicle 
appears as a protruberance from the pointed end of the seed, by a split 
of the testa. When the radicle is a few mm. long, the hypocotyl 
elongates as a bent. The cotyledons are raised above the soil and in 
this process are withdrawn from the testa. The cotyledons turn green 
and expand. The next pair of leaves is also very much like the embryo- 
nic leaves and those developing after the 4-leaved stage are true leaves. 
The first four leaves persist until several of the true Jeaves are well deve- 
loped. 


ECONOMIC IMPORTANCE 


A decoction of the plant is stated to be helpful in the cure of asthma 
and bronchial troubles (Watt, 1890; Kirtikar ef a/., 1935). Kirtikar 
et al. (1935) attribute the following medicinal properties to this species. 
The plant is administered for bowel complaints and cough. The root 
is given by Santals to allay vomiting and to nursing mothers when the 
supply of milk is deficient or fails. In Gold Coast (Ghana), the plant 
is ground and mixed with water and then used asan enema. The leaf 
juice is used for eye troubles. 


DISCUSSION 


Of the two ecotypes recognised in E. hirta, the erect type occurs 
in moist localities and the prostrate type in dry hard soils. The pro- 
strate compact type is a product of the prostrate type under the influence 
of trampling and other biotic influences on footpaths. The distribu- 
tion of these two forms appears to be controlled according to their 
ability to withstand drought and survive in dry hard situations. 


Salisbury (1942) mentions of the possibility of a difference in seed 
weights in different strains of the same species. The seeds of the erect 
type are heavier than those of the prostrate compact type and this may 
be partly genetical and partly due to less vigour of growth of the latter 
form under the influence of constant biotic factors. 


Of the two ecotypes raised in a neutral substratum under identical 
conditions, the prostrate type showed a higher stomatal frequency as 
compared to the erect type though there is no appreciable difference 
in the stomatal index. In other words, the number of stomatal initials 
formed is the same in both cases. The differences in the stomatal fre- 
quency appears to be due to their spacing which is due mainly, if not 
entirely, related to the moisture relations of the leaves, a view expressed 
by Salisbury (1932). The difference in the moisture relations in the two 
ecotypes in this case is evidently internal and not external as the two 
populations grow under identical conditions. Similarly Salisbury 
(1932) attributes the higher stomatal frequency values in the ‘sun? 
leaves compared to the ‘ shade’ leaves to the drier environment pre-. 
vailing in the open than to increased illumination. 
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_ it is seen that the osmotic pressure of the cell sap falls with an 
Increase in the soil moisture. Moreover, in the same locality, the osmo- 
tic pressure of the cell sap of the plant falls considerably just after rains 
due to increased moisture in the soil. Due to this fluctuation the plant 
is able to adapt to different moisture levels in the soil. However, the 


Osmotic pressure values of E. hirta are well within the range of typical 
mesophytes. 


SUMMARY 


_1. This paper deals with the autecology of Euphorbia hirta Linn. 
which is a common weed occupying a wide range of habitats in Varanasi. 


2. Two ecotypes and two ecads for one of the ecotypes have been 
recognised for this species. 


3. The factors controlling the restriction of the ecotypes to their 
respective habitats have been discussed. 


4. The differences obtained in the epidermal structure and sto- 
matal frequency of leaves, seed output, reproductive capacity,. etc., 
of these different growth forms have been discussed. 


5. The plant grows, flowers and fruits throughout the year. 


6. The soil analysis and performance of the plant from different 
localities showed a better performance for the erect type in calcium- 
poor soils, while that of the prostrate type depends on the intensity of 
biotic influences. 


7. The germination behaviour of the plant has been studied. 


8. The significance of the intermittent germination in the survival 
of the species has been pointed out. 


9. The stomatal frequency of the ‘sun’ and the ‘shade’ leaves 
has been studied. The values are high for the former. 


10. The fluctuation in the osmotic pressure of the plant sap has 
been correlated to moisture level in the soil. 


11. The dispersal of the seeds and its effectiveness has been studied. 
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EXPLANATION OF PLATE XIII 


Fic. 1. Erect type growing in nature. 

Fic. 2. Prostrate compact type growing in nature. 

Fic. 3. Erect type growing in a neutral substratum in culture. 
Fic. 4. Prostrate type growing in a neutral substratum in culture 


THE VEGETATION OF TIRUNELVELI 
DISTRICT 


By K. A. SHANKARNARAYAN 


Institut Francais, Pondicherry 


(Received for publication on June 15, 1959) 


TIRUNELVELI lies 394 miles south-west of Madras on the Southern 
Railway. The tract is situated between 8° 21’ and 9° 38’ North latitude 
and 77° 12’ and 78° 5’ East longitude. 


The climate of the district is peculiar, its principal characteristics 
being Jight rainfall and an equable temperature. The district has the 
benefit of both the South-West and North-East monsoons although the 
bulk of the rain is received from the Jatter. The average annual rainfall 
recorded from 1870-1939 is 28-76” (730-5 mm.) (1949), 


Geologically, the underlying rock throughout the Ghat forest is 
granitoid gneissic formation. There are two kinds of soils in this 
division namely the Red and the Black. The black soil or ‘regur’ 
is restricted to cultivated areas. The red soils on the other hand vary 
considerably in character. The soils of Kudiramoli teri in Trichendur 
taluk is singularly peculiar in that it consists of large blocks of extensive 
dunes of loose shifting red sand. These red sands have been deposited 
upon and around a mass of impermeable limestone elevated to varying 
heights above sea-level. 


THE VEGETATION 


This district with different types of soil, a varied climate and topo- 
gtaphy naturally supports vegetation of distinct type. According to 
Champion’s classification the vegetation may be classified under the 
following heads; 1. The Southern Thorn Forest; 2. The Southern 
Dry Deciduous Forest; 3. The Southern Moist Deciduous Forest; 
and 4. The Southern Evergreen Forest. 4 


The Southern Thorn Forest 


Occurrence.—This type occurs along the gently undulatin 
and declivities of the hills and plains. it is art with in the tellowkne 
forests, viz., Talaiyuthu, Vallanadu, Mulakkadu, Wolf Hill, Melpattam 
Gangaikondan, Kottaimalai, Western half of Kudiramoli, Kolundamalai, 
Manpottai, Krishnapuram, KadayanaJlur and Valliyur, ‘ 


Structure and Composition—The vegetation is very sparse. The 
forests are of low height with short boled shrub by ia Shane 4-8 ft. 
high. The crowns are irregular and do not meet each other at all. 
Thorny plants are quite numerous. The most dominant plants are 
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Acacia latronum Wild and Acacia planifrons W. and A. except at 
Kolundumalai, Manpottai, Krishnapuram, Kadayanallur and Valliyur 
reserve forests where Dalbergia spinosa Roxb. is predominant. These 
are interspersed with a number of Borassus flabellifer Linn. Associated 
plants are Gmelina asiatica Linn., Randia dumetorum Lamk, Gymno- 
sporia montana Benth., Rhus mysorensis Heyne, Flacourtia indica (Burn.f.) 
Merr. and Euphorbia antiquorum Linn, It is not uncommon to find 
plants like Securinega leucopyrus (Willd.) Muell. Arg., Capparis divaricata 
Hk.f. and T., Zizyphus xylopyrus Willd., Atalantia monophylla Correa, 
etc. Dodonaea viscosa Linn. forms scattered patches in these types and 
imparts a greenish hue to the dry forests. The undergrowth which is 
scanty consists of grasses like Cymbopogon coloratus Stapf. (in patches 
in the crevices of rocks), Aristida redacta Stapf., Perotis indica O.Ktz. 
and Eragrostis pilosa Beauv. Other companion species are Euphorbia 
hirta Linn., Ocimum canum Sims., Justicia simplex D.Don., Evolvulus 
alsinoides Linn., etc. In red and sandy soils it is usual to find Indigofera 
aspalathoides Vahl. 


The most notable climber is Sarcostemma acidum (Roxb.) Voigt., 
a leafless cylindrical succulent plant with xerophytic adaptation. The 
vegetation on the Eastern side of Kudiramoli teri R.F. is absolutely 
sparse and peculiar, for as already referred to earlier the soil here con- 
sists of large blocks of extensive dunes of loose shifting red sand. The 
most conspicuos tree is Borassus flabellifer Linn., which is fairly abundant. 
The only other tree worth mentioning is Anacardium occidentale Linn., 
with rounded crowns and whose stems and branches are sunk amidst 
these red sand dunes. 


- Shrubs like Dodonaea viscosa Linn. and Calotropis gigantea R.Br. 
are not infrequent. Lawsonia inermis Linn. and Morinda tinctoria 
Roxb. are rare. Diversely scattered herbs like Indigofera aspalathoides 
Vahl. and Perotis indica O.Ktz. are not uncommon.. Cyperus arenarius 
Retz. with its inordinately long stoloniferous habit arrests the attention 
occasionally. 


The Southern Dry Deciduous Forest 


Occurrence.—This type is obtained in the reserve forests enumerated 
below: Kalakadu, Sivagiri Zamin and Vasudevanallur. 


Structure and Composition: Ecodominant layer.—The forests on the 
outer slopes of the hills up to 3,500 ft. consists of trees attaining 30-40 ft. 
The trees are gregarious and consequently the crowns overlap one another. 
The principal species constituting this layer are Tectona grandis Linn., 
Terminalia belerica Roxb., Terminalia chebula Retz., Anogeissus latifolia 
Wall., Adina cordifolia Hk.f., Dalbergia sissoo Roxb., Albizzia camara 
Boiv., Albizzia odoratissima Benth. Syzygium cumini (Linn.) Skeels. 
is occasional. Pongamia pinnata (Linn.) Pierre, Celtis wightii Pl. and 
Diospyros sp. predominate along the course of streams. 


Subcanopy.—There is a sprinking of evergreen in this layer. The 
characteristic plants here are Erythroxylon monogynum Roxb., Schleichera 
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oleosa (Lour.) Oken., Memecylon edule Roxb., Careya arborea Roxb. 
Bridelia retusa Spt., Gmelina arborea Roxb., and Premna tomentosa 
Willd. 
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Undergrowth.—This consists of Strobilanthes kunthianus T. And. 
Helictres isora Linn., Pavetta indica Linn., Securinega leucopyrus (Willd.) 
Muell. Arg., Murraya exotica Linn. and Glycosmis peniaphylla Correa 
Grasses are Themeda triandra Forsk., Cymbopogon coloratus Stapf. 
and Oplismenus burmannii Beauy. Amongst herbs mention may be 


made of Vernonia cinerea Less., Orthosiphon pallidus Roxb, and 
Anisochilus paniculaius Benth. 


The Southern Moist Deciduous Forest 
Occurrence,—This type is met with in areas with a higher rainfall 


than the Dry Deciduous type. It is obtained in Courtallum, Tenkasj 
and Papanasam reserve forests up to 3,000 ft, 
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Structure and Composition: Ecodominant layer-—The trees here 
are long boled reaching 70-80 ft. The crowns overlap due to gregarious- 
ness. The principal species is Tectona grandis Linn. and the principal 
associates are Terminalia tomentosa W. and A., Terminalia chebula 
Retz., Terminalia belerica Roxb., Pterocarpus marsupium Roxb. and 
occasionally Anogeissus latifolia Wall. 


Subcanopy which is below the ecodominant layer attains 
20-30 ft. has mostly evergreen elements. The notable species are 
Schleichera oleosa (Lour.) Oken, Memecylon edule Roxb., Erythioxylon 
monogynum Roxb., Madhuca indica Gmel., Mallotus philippensis M. Arg. 
and Givotia rottleriformis Griff. 


Ground Cover is fairly dense. Strobilanthes kunthianus T. And., 
Murraya exotica Linn., Decashistia crotonifolia W. and A. are quite 
abundant. Themeda_ triandra Forsk., Cymbopogon coloratus Stapf., 
Glycosmis pentaphylla Cotrea , are frequent. Eupatorium glandulosum 
HBK. an exotic weed is fast invading 


Climbers like Derris scandens Benth., Ventilago maderaspatana 
Gaertn. and Jasminum sp. are frequently met with. 


The Southern Evergreen Type 


Occurrence.—This marks the highly developed ecological formation 
in this division and is discernible in the Papanasam reserve forest and 
extension (of which Kannikatty is the best), Courtallum reserve forest 
and to a lesser extent in the Sivagiri Zamin forest. In the latter the 
evergreen occur in patches beyond 4,500 ft. because rainfall is relatively 
less than in the former two areas where the evergreens are available at - 
even 3,000 ft. and above. 


Structure and Composition: The emergent layer.—The forests are 
multistoreyed. The main ecodominant layer described below is usually 
70-80 ft. high. This canopy is pierced by tall emergent dominants 
100-125 ft. or more in height. The emergent dominants have tall nearly 
cylindric boles with little taper. The main trunks of the trees are mottled 
black and white. Their bases are characteristically buttressed and 
sometimes develop ribbon-like main roots. The principal species 
of this layer are Mesua ferrea Linn., Cullenia excelsa W., Dysoxylum 
malabaricum Bedd., Hopea parviflora Bedd., Canarium strictum Dce., 
Hopea utilis (Bedd.) Bole., Vateria indica Linn. and Bischofia javanica Bl. 


Ecodominant layer.—This layer comprises the meso, micro and 
macrophyllous species. The crowns are dark green in colour. 
The species here like the emergents have a clean smooth but mottled 
cylindric boles fluted or plank buttressed at their bases. Epiphytic 
infestations of stem is not an usual sight. The species constituting this 
stratum ate Aglaia. roxburghiana Hiern., Artocarpus lakoocha Roxb., 
Anacolosa densiflora Bedd., Nephelium longana Camp., Filicium decipiens 
Thw., Kingiodendron pinnatum Harms, and Alstonia scholaris R, Br, 
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Subcanopy.—Occurs immediately below the ecodominant layer. 
The trees here are more slender of stem, more branched, bent seeking 
light and not clean and straight boled as in the other layers mentioned 
earlier. The principal species are Agrostistachys longifolia Benth., 
Mallotus philippensis M. Art., Pterospermum rubiginosum_ Heyne, 
Cinnamomum gracile Hk.f., Hydnocarpus alpina W. and the beautiful 


crimson-fruited Baccaurea courtallensis M. Arg., whose cauline fruits 
hang in bunches, 


Undergrowth.—The graceful palm, Arenga wightii Griff. dispels 
the monotony of the sholas and is associated with Calamus pseudotenuis 
Becc. The cover is very sparse except for the saplings of trees of the 
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ecodominant layer, obviously because of the inadequacy of light. Fern, 
like Hemionitis cordata Roxb., is occasionally met with. 


In the Papanasam reserve at the summit is a group of an endemic 
palm Bentinckia coddapanna Berry and these areas are almost inacces- 
sible. Along the fringe of the sholas, however, Eupatorium glandulosum 
HBK. are seen to have invaded. The soils in these forests are black and 
pany suggestive of the high organic matter derived from the decaying 
eaf litter. 


The species collected include over 33 families of Dicotyledons and 
one of Monocotyledons. Among the Dicotyledons the Leguminosae 
is very well represented with the largest number of genera and species 
the next in order being Euphorbiacea and Graminee. 


SUMMARY 


1. An account is given of the disposition, climate, geology and 
soil of Tirunelveli District. 


2. According to Champion’s classification, the forests of this 
district may be categorised under the following heads, viz., (a) The 
Southern Thorn Forest, (b) The Southern Dry Deciduous, (c) The 
Southern Moist Deciduous and (d) The Southern Evergreen. 


3. The structure and floristic composition of each of these types 
is given in detail. 
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VEGETATIVE PROPAGATION OF THE TEA 
PLANT IN NORTHERN INDIA 


I. The Choice of Cutting 


By D. N. BARUA AND S. C. BARUA 


Tocklai Experimental Station, Indian Tea Association, Cinnamara, Assam 
(Received for publication on June 22, 1959) 


UNTIL very recently, the tea plant [Camellia sinensis (L.) O. Kuntze] 
of commerce was grown exclusively from seed throughout the tea-grow- 
ing areas of the world, excluding perhapsChina and Japan, where 
vegetative propagation of tea from woody cuttings has been practised 
for.a long time (Hutchinson, 1904). The seeds are derived from hybrid 
parents so that in any field of commercial tea raised from seed, it is 
possible to pick out bushes varying widely in respect of morphological 
features, yielding capacity andcup characters. Early work in Java 
(Cohen Stuart, 1929; Wellensiek, 1938) and India (Tunstall, 1931 a; 
1933) showed that vast improvements in yield and quality would be 
possible from selection of the right bush and its propagation by vege- 
tative methods. Grafting was tried successfully in Java, but -in India 
and Ceylon cuttings proved to be better suited to vegetative propagation 
of the tea plant on a commercial scale. The method recommended 
for commercial use is described elsewhere (Wight, 1955); it is our inten- 
tion here to record research results which may prove to be of general 
interest, The present paper is a comparison of different types of cuttings. 
Time of setting cuttings in soil and treatment of cuttings before and 
after they are set in soil will be the subject-matter of subsequent papers. 


EARLY WorK 


In 1914, Japanese tea scientists visited Tocklai and described their 
methods of propagation by Jayers, marcots and woody cuttings, but 
when tried at Tocklai with the Assam varicty of tea commonly grown 
in North-East India, these proved unsuccessful. So did root cuttings 
Subsequent attempts by Tunstall (1931 5) showed thet cuttings con- 
sisting of a single, fully mature leaf and the associated piece of internode 
on current year’s growth, would root well and this was the method 
subsequently developed. 


From experiments with tea cuttings carried out in hot houses and 
solar propagators, Kvarazkhelia (1934) obtained over 40 per cent, 
rooting of stem cuttings carrying | to 4 leaves on current season’s growth. 


_ Tunstall (1941) observed that tea plants differed considerably in: 
their ability to yield freely rooting cuttings, a fact which was corroborated 
by subsequent work at this Station and in Ceylon. He further showed 
that defoliation of cuttings was very harmful to rooting 
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_ _ in these trials leading stems from annually’ pruned bushes were 
divided into single-leaf cuttings, cxcluding the few immature leaves 
at the top, the leaves with developed axillary buds and also the leaves 
on the basal red-brown portions of the stems. Later investigations 
did not prove vigorous laterals on a leading shoot to be of less value than 
the leader, but the system of pruning twice a year—in May and October 
—subsequently devised to produce the maximum number of cuttings, 
does not allow any appreciable number of laterals to develop. We find 
mature leaves on green or slightly reddened stems to make the best 
cuttings and this agrees with the findings in Ceylon (Tubbs, 1938). 


TYPES OF CUTTING 


Having observed a general superiority of green cuttings over red, 
it was decided to confine our investigations on the various types of cutting 
to those made from the top, green part (with 8 + 1 leaves) of a stem, 
avoiding the Jower portion with a thick, red bark. 


Two kinds of stems were used for the preparation of cuttings: 
stems terminated by a growing apex (growing stems) and stems terminated 
by a dormant apex (dormant stems). A large number of 
types of cuttings can be made from these stems. For example, three 
types of single-leaf cuttings are possible: short cutting, internode cutting 
and 1 + node cutting. Theshort cuttings and the internode cuttings 
had respectively 6-8 mm. and 23-27 mm. of stem below the leaf. The 
1 + node cuttings had one complete internode below the leaf, the basal 
cut being made immediately below the next lower node, from which the 
leaf was broken off at the base of the petiole. The cut at the upper end 
of these and all other types of cuttings was made obliquely, 3-4mm. 
above the leaf. 


In addition to the above, our experiments included cutting swith 
2, 3, 4, 5 and 6 leaves. All of these were restricted to cuttings with a 
basal node like the 1 + node cuttings. 


Various depths of planting were examined for the longer cuttings, 
the depth being defined by the number of defoliated nodes inserted in 


the soil. 


For each particular number of leaves, cuttings were made from all 
possible positions on the selected piece of stem. 


Within the defined restrictions, a large number of combinations of 
type of cutting, depth of insertion, position of leaf on the stem and 
kind of stem are possible. As adequate samples of all the possible 
combinations could not be obtained, our conclusions are based on 
122 of these combinations, and we are not aware of as many possibi- 
| ities being previously examined in a systematic manner. 


Cuttings were taken at two seasons, April-May following an October 
prune, and September-October following a May prune. In the first 
trial carried out in September—October, over 50,000 cuttings were put 
out in three weeks, and in the April-May trial 12,000 cuttings were 
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planted ina week. The number of cuttings in the April trial was reduced 
by eliminating those treatments which showed poor success In the first 
trial, and also by reducing the number of cuttings in each treatment. 


Stems for propagation were drawn from 55,000 bushes of the Assam 
variety. The bushes were 30 years old. Samples of stems were collected 
every morning from a fifth of the total number or bushes of the area 
and cuttings were taken from the mixed sample. 


The propagation beds were on a piece of sandy loam of the new 
Brahmaputra alluvium. In the design of the beds, each combination 
was repeated thrice in randomised blocks. Each plot in a block was 
split into two, for cuttings from growing and dormant stems. The 
number of cuttings per half-plot was 130 in the September-October 
trial and 50 in the April-May trial. 


The beds were shaded by a horizontal roof of thinly spread thatch 
grass, 1-8 metres high, enclosed by vertical walls of thatch. While 
allowing rain to reach the beds, the thatch roof and the walls cut out 
approximately 90 per cent of the incident light. The thatch was 
progressively thinned after the majority of the cuttings had produced 
roots. 


Because of a very poor strike of some treatment combinations, 
which caused appreciable numbers of zero values, nothing would be 
gained by an inclusive analysis of variance; instead, abstracts of the 
various treatments are given in the following tables in which factors 
(determining types of cutting), not specified, are at random. 


The mean per cent. strike of cuttings of different lengths, 6 months 
after propagation, is given in TableI. The figures are the averages of 
all combinations of depths of planting and age of leaf. 


The table clearly shows that single-leaf cuttings are superior to all 
other types and that the success gradually diminishes as the number of 
leaves on the cutting is increased from 1 to 6. These results are in 
agreement with those reported from Ceylon (Eden, 1941) and Nyasaland 
(Anon, 1957), where the strike of tea cuttings has been shown to diminish 
with the increase in the number of leaves from 1 to 3 and 1 to 2 
respectively, 


___ The strike of long cuttings, however, varied with the depth of plant- 
ing as illustrated by the data in Table II. Usually, the best strike was 
obtained when the full length of the cutting was pushed into the soil 
leaving only one leaf above ground. Roots invariably appeared at the 
basal cut and never from any of the underground nodes. 


Using the correct depth of planting, the best strike obtained with 
cuttings carrying 2 to 6 leaves is shown in Table III. The relative order 
of the highest strike remained the same as that of the average values 
in Table I. The highest strike obtainable with cuttings carrying more 
oa one leaf was no better than the average for any of the single-leaf 
ypes. 
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TABLE | 
Mean per cent. strike of cuttings 


Number of leaves on cuttings 


Time of Kindo, a= aa gee aR ES ae a ae ae 
Exepecalion eres = Se Inter- Short 
6 5 4 3 | : 
| node | node | cutting 
| tl | 

Sept.-Oct. Growing 6-5 | 4°8 | 4:4] 11-6 | 23-2 | 35°6 25°6 30-8 
Dormant 4°6 | 2-8 7-5 | 115 | 16-7 | 35-1 | 40-4 28°7 

ee es | ee ee = a ——— _ —— sa 
April- May Growing oof 4. | 21-4 | 19-8 | 27-9 | 48-5 | 36:0 24°5 
Dormant Set sj lded Wi Loek | 28-8 | 46-7 | 37-8 36-7 

TABLE II 


Mean per cent. strike of long cuttings : average of 
the two times of propagation 


Depth of planting 


Length of in units of internode 
cutting SS ae eae 
1 2 3 
2-+Node ee PART oA as 
3-++ Node ee SO: 15-4 23-8 
4-- Node eo Gio 12°3 13-8 


A more useful practical criterion than rooting is the number of 
plants sufficiently developed for transplanting within a given time from 
setting. First-grade cuttings make one flush growth within six months ; 
these plants can be transplanted at less than a year from setting. 


The numbers of first-grade plants, 7 to 9 months after propagation, 
corresponding to the numbers of rooted cuttings of Table I, are shown 
in Table IV. In general, there is a strong positive correlation between 
the number of rooted cuttings and the number of first-grade plants, 
7 to 9 months after propagation(r = 0°89; P< -001). 


Because of the Jow success of the longer cuttings, the data for the 
three single-leaf types only were examined statistically. Analysis 
shows no significant variation in the mean rooting percentages (shown 
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TABLE III 
The highest per cent. strike of long cuttings 


Time Kind Number of leaves on cuttings 
of of = 
propagation stem 6 5 . 3 2 
Sept.—Oct. Growing 14-4 8-7 S-2 18-5 27-1 


Dormant 942 3°4 10-0 16-9 18-6 


April-May Growing ee ~ uh eee 35-7 34-4 
Dormant i Sis Cu: 34°3 30-0 


TABLE IV 
Per cent. first-grade plants 7-9 months after propagation 


Number of leaves on cuttings 


Time of Kind 
propagation of stem A 1+ inteec 10 Share 
: i . : | node | node . cutting 
( 
} 
Sept.-Oct. Growing 2°8 | 2-0] 1:7) 58] 153 | 26-7] 16:2 | 16-4 


Dormant | 1-8] 1+3| 3-7] 6-9 | 11-2 | 23-7] 20-4 | 15-5 


April-May | Growing | .. | .. | 5:9] 7:5 | 10-8 | 23-2! 17-0 | 1265 


—_— ——_-- --— 


Dormant «| se | 28] 5-0] 10-8 | 21-7] 19-2 | 11-0 


in Table I) of the three single-leaf types when planted in September- 
October, but a significantly better strike of the 1 + node cuttings when 
planted in April-May (L.S.D. 10-7 at P = -05). If the analysis is based 
on per cent. first grade plants, then the 1 + node and the internode 
cuttings come out significantly better than the short cuttings at either 
of the two times of propagation (Table V). 


Despite its slight superiority over the internode type, the 1 + node 
cutting is not recommended for commercial use as it is wasteful of 
material. This is animportant consideration, especially during tle 
early stages of building up a clone from a single bush. 


None of the analyses showed a significant difference between tke 
growing and the dormant stems at either times of propagation How- 
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TABLE V 
Per cent. first-grade plants 7-9 months after propagation 


Time of 1-+-Node Internode Short 
propagation cuttings cuttings cuttings 
September-October 25-2 22-8 belG:0s 


April-May 22-4 18-1 11-8 


L.S.D. at P= -05: 6:46 for Sept-Oct; 6°12 for April-May. 


ever, a separate analysis of the data for the internode type showed a 
significant increase in the strike of cuttings from dormant stems at the 
September—October propagation (Table VI). ; 


In Ceylon, no difference could be detected in the rooting of cuttings 
from growing and dormant stems (Gadd, 1942), while better survival of 
cuttings from dormant stems, four months after planting, has recently 
been reported from Nyasaland (Anon, 1957, 1958). The discrepancy 
in the results might be attributable to a variable proportion of immea- 
ture and over-ripe cuttings in the experimental samples. 


TABLE VI 


Per cent. strike of internode cuttings 
(Means for 3rd to 6th leaves) 


Time Kind of stem 
of ee ee 
propagation Growing Dormant 
September—October 25:6 40:4 
April-May 34°5 20% fe 


L.S.D. at P= -05: 8-6 for kind of stem xtime of propagation. 


AGE OF LEAF 


Tunstall (1931 5) successfully rooted internode cuttings from very 

young shoots by using special propagating frames in which a high humi- 
dity was maintained. Later experiments by Van Emden and De Haan 
(1939) in Java showed such young shoots to be unsuitable for large- 
scale work, using open-air shades or frames. ae So 
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The effect of age of leaf on the rooting of cuttings under open-air 
conditions of our experiments is shown in Table VII. These results 
are for the standard internode type of cuttings, the leaves being numbered 
on the original stem downward from the terminal bud. 


TABLE VII 


Per cent. strike of internode cuttings 
(Means for the two times of propogation) 


Kind of stem 


Leaf position 
Gtowing Dormant 
2nd* 1-5 25-2 
eee 14-0 + 44-1 
4th .- 35-8 24-8 
Sth 30:5 : 37°8 
6th 39-7 47°4 


L.S.D. at P = -05:12-2 for kind of stem xleaf position. 


* Excluded from the analysis. Figures for only the September-October time 
of propagation. 


Analysis showed interaction of leaf position with the type of stem 
to be significant at 194 level of probability. The figures for the second. 
leaf were not included in the analysis, as cuttings of this leaf from the 
growing stems failed completely in two out of three repeats of the 
September-October trial and this leaf was not used for the preparation 
of cuttings in the April-May trial. 


Table VII clearly shows that cuttings of the third leaf below the 
terminal bud of actively growing stems are not ripe for propagation 
under field conditions, but cuttings of the same Jeaf from dormant 
stems are sufficiently mature for propagation in the field. Even the 
second leaf of a dormant stem is likely to make good cuttings as shown 
by the high rooting percentage of this particular leaf at the September— 
October propagation. 


Considering that a tea leaf in the plains of Assam takes an average 
of four days to unfold (Wight, 1932), the age of the third leaf on a growing 
stem would not exceed 12 days, These results, therefore, suggest that 
leaves less than two weeks’ old are unsuitable as cuttings for propagation 
under field conditions. In a dormant stem, even the first leaf may be 
as old as 3 to 4 weeks. 
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HEEL CUTTINGS 


Camellias are often propagated by means of dormant shoots, 
usually with a heel, as illustrated by Hanger (1947). Similar cuttings 
were used for propagation of the tea plant. Lateral shoots with 2 to 3 
leaves and a dormant terminal bud were severed from the leading stem 
with a downward pull, removing a heel of bark and wood, 1:5 to 2:0.cm. 
in length. Over 15,000 such cuttings and 48,000 single leaf internode 
cuttings, drawn from 431 plants belonging to 27 jats, were set under a 
thatched shade of the type described before. Cuttings were divided 
into lots of red and green, depending on the colour of the bark. Results 
are given in Table VIII. 


Strike of heel cuttings is about a third of the internode cuttings. 
Difference between red and green cuttings is not significant. 


TABLE VIII 


Per cent. strike of heel cuttings 


Colour of Heel Internode 
stem cuttings cuttings 
Red 6-7 + 1:08 28:0 + 2-93 
Green 10-4+1:60 29-:2+3-18 


REDUCTION OF LEAF AREA 


Cuttings for this trial were taken from leading six months old stems 
drawn from a population of commercial tea. Factors investigated 
were: 


(a) Length of cuttings: cuttings with 1, 2 and 3 leaves were used. 


(b) Position of the basal cut: the basal cut was made above and 
below a node. 


(c) Area of leaf surface: leaves left intact, and half the leaf lamina 
cut off along the midrib. 


Depth of planting was one complete internode or part of an inter- 
node depending on whether the basal cut was made immediately below or 
above a node. 


There were altogether 12 treatments repeated three times in space. 
Fifty cuttings were planted in each repeat under bamboo lath covers 
of a standard 120x120cm. size, which were a later practical improve- 
ment on the thatched shed (Wight, 1955). The results are presented 
in Table IX. 

11 
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TABLE IX 
Per cent. first-grade plants after a year from planting 


ee eee ee ee eS SSS 


Number of Half or Basal node 
leaves on full Sa 

the cuttings leaves Present Absent 

1 Half 28 36 

Full 38 32 

Saate se ors nas 35 19 

Full 19 24 

3 Half 19 4 

Full 9 7 


L.S.D. at P = -05: 18-9. 


In conformity with the results of Table IV, increase in the number 
of leaves on cuttings with or without a basal node resulted in a progressive 
reduction in the percentage of well-grown plants. However, nodal 
cuttings carrying two or more leaves appear to have done better when 
half the leaf lamina was removed. Reduction in leaf area did not have 
a beneficial effect on the single-leaf cuttings. 


Considering that cuttings without leaf fail to root, leaf area equiva- 
lent to half but not exceeding that of a fully expanded leaf seems necess- 
ary under our conditions, to strike a balance between Joss of water by 
transpiration and assimilation of carbon dioxide by photosynthesis. 
In Ceylon, half-leaf internode cuttings (top half of nodal leaf cut off) 
were observed to root equally well, but their subsequent growth was 


reported to be less than that of cuttings with an intact leaf (Visser and 
Kehl, 1958). 


SUMMARY 


Early work on the vegetative propagation of tea from cuttings and 
the results of investigations carried out at this station on the rooting 
of various types of cutting are discussed. 


Intrinsically, the 1 + node type appears to make the best cutting, 
but the most generally efficient type for large-scale propagation of the 
tea plant is the single-leaf internode cutting. Longer cuttings with or 
without a basal node are less efficient, rooting percentage being in- 
versely proportional to the number of leaves on the cutting. 
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Cuttings made from leaves less than two weeks old are unsuit- 
able for propagation under field conditions. 
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ARTHROCHLOA—A NEW GENUS OF GRASSES 
FROM INDIA 


By JAcoB W. LORCH 


Department of Botany, The Hebrew University, Jerusalem, Israel 


(Received for publication on February 17, 1960) 


WHEN the species of Dactyloctenium were examined, preparatory to a 
monograph of that genus, it was noted that D. henrardianum Bor 
differred in several respects from all other genera of the Eragrosteae and 
should therefore be placed in a separate genus, which it is proposed to 
call Arthrochloa. 


Arthrochloa gen. noy. 


Spiculae ovato-oblongae vel ovatae, lateraliter valde compressae, 
unilateraliter biseriatae, dense imbricatae, demum horizontaliter patentes, 
in ramis triquetris continuis sessiles; rhachilla glabra, non articulans. 
Anthoecia 3, summo plus minusve redacto excepto omnia ¢ Glumae 
inaequales, carinatae, uninerviae, gluma inferior a latere visa lanceolata, 
acuta; superior ovata, in aristam glumae equilongam desinens. Lem- 
nata imbricata, integra, apice breviter mucronata, trinervia, nervis 
lateralibus infra partem lemmatis apicalem desinentibus. Paleae lem- 
matibus equilongae vel paullo breviores, bicarinatae. Lodiculae duae, 
truncatae minute. Stamina tria. Ovarium glabrum, conicum. Styli 
distincti. Pericarpium membranaceum. Semen liberum, a _ latere 
visum ellipsoideum, dorsaliter sulcatum; hilum basale, punctiforme. 


Gramen annuum, a basi ramosum; culmi gracillimi; ligula brevis- 
sima, hirsuto-marginata; lamina linearis, plana; inflorescentia a ramis 
singulis usque quaternis e nodis utrisque 3-8 inflorescentiae orientes. 


Species unica, Indiae orientalis incola. 


Arthrochloa henrardiana (Bor) Lorch, comb. nov. — Dactyl ° 
henrardianum Bor in Blumea, suppl. 3: 1946. ad tact hei 2S 


Annual. Culms ascending or slightly spreading, rootin 
nodes, 10-40 cm. long, glabrous, aes By tyes! vane Sent 
of the blade, open; ligule a lacerated fringe, 2 mm. long; blade linear- 
lanceolate, up to 20 cm. long and to 7 mm. wide, flaccid, glabrous above 
with scattered long hairs below; 2-3 main veins, separated by 5-6 
secondary veins, on each side of the midrib. Inflorescence a raceme of 
spikes, 1-4 sessile spikes at each of the 3-8 nodes, spreading from the 
culm at somewhat less than a right-angle, to 15 mm. long, shorter 
towards the apex of the inflorescence; rachis linear, flattened, bearing 
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at its tip an aborted spikelet, or glumes, or ending abruptly. Spike- 
lets densely imbricate in two rows which only slightly overlap laterally, 
at an average density of 25 spikelets to 10 mm. of the rachis, spreading. 

, 2-3 mm. long, 2mm. broad. Glumes unequal, 


Spikelet 2-6 flowered 
membranous, one-nerved; the lower in profile ovate-acute, 1.5 mm. 


3 


Habit of inflorescence, 


TexT-Fics. 1-3. Fig. 1. Arthrochloa—illustrations. : 
natural size (Wight 3314, K). Fig. 2. Spikelet and stamen (Wight 3314, K). 


Fig. 3. Acrachne verticillata (Roxb.) Jackson, spikelet. Note prolonged lateral 


yeins of the lemmata, Two florets with lemmata deciduous, 
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long, the upper ovate, 1 mm. long, with the nerve produced into a re- 
curved awn I mm. long. Lemma 1:5 mm.‘long, broadly ovate-acute 
in profile, median nerve produced to the recurved tip 0-5 mm. long; 
nerves poorly developed. Palea two-keeled, slightly shorter than the 
lemma. Anthers 0:3 mm. long. Two styles, feathery along the distal 
half. Seed 0:6 mm. long, ellipsoid in profile, not laterally compressed, 
with some prominent transverse ridges and a deep dorsal groove. 
Embryo one-third to one-half the length of the seed; hilum punctiform. 


India, Madras, Ramnad District 19-1-1945 Daniel and Raju 20089, 
Madras Herbarium, K. (Type). India 9-1957 Chatterjee K (no further 
details); India 1872 Herbarium Rottlerianum K (This is labelled by 
Rottler Dactylis interrupta nob.) Stapf. Fi. Br. Ind. vii, 325, mentions 
this as synonym of Eragrostis cynosuroides, which is totally different 
(Cynosurus interrupta is therefore a nomen nudum); India 1866, Wight 
3314 (The attempt to locate this collection by checking on the locations 
of near numbers of Wight did not provide the required data.) It is 
labelled Acrachne eleusinoides Wight and Arnold, which does not appear 


to have been published and is not included in Wight’s Catalogue of 
Indian Plants. 


eM elire 


TEXxT-Fic. 4. Seed. (a) lateral view; (5) dorsal view 


; showing groove; 
(Wight 3314, K). 


Arthrochloa is a member of the Eragrosteae sensu Stapf. (Dyer, 
Fl. cap. vii, 10: 1897; Prain, Fl. trop. Afr. ix, 19: 1917) subsequently 
redefined by Hubbard (Hutchinson, Fam. fl. pl. ii: 1934; Hooker Ic. 
pl. tab. 3319: 1936). The differences from the most closely related 
genera, Acrachne, Eleusine and Dactyloctenium are summarised below. 


The removal from Dactyloctenium is incumbent on account of the 
reduced spikelets terminating the rachis of many spikes, for the naked, 
pointed tip of the rachis is the key character of Dactyloctenium. This 
removal finds support in the arrangement of the spikes, singly or in sets 
of 2-4, at several nodes, whereas in Dactyloctenium the spikes are digi- 
tate, very rarely with an occasional spike somewhat below the rest. 
Also, the prominent dorsal groove of the seed does not appear in the 
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species retained in Dactyloctenium. Acrachne _ verticillata (Roxb.) 
Jackson, the only species of its genus, agrees with Arthrochloa in the 
shape of its seed; but its lemma has two well-developed lateral nerves, 
produced to short tips, which have given that genus its name. In Arthro- 
chloa the lateral nerves are obsolete. Eleusine differs from Acrachne 
in the consistently developed terminal spikelets, which are as fertile 
as all other spikelets, and in the type of the inflorescence. 


| 
AU 


TEXT-FiG. 5. Camera lucida drawings, schematised, 
(a) lower epidemis: silica cells and short cells from over 
papillate cells and stomata from between veins (x00); 
sclerenchyma ; dotted—radially arranged photosynthetic 
sheath of secondary veins, double sheath of primary vein, b 
cells. Bundles are omitted (X20). ' 


to illustrate leaf anatomy. 
4 secondary vein and large 
(6) cross-section: hatched 
parenchyma. Note large 
ulliform cells and papillate 


The inclusion of Arthrochloa in any of these genera would lead to 
such an extension of generic limits that nothing short of a lumping 
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together of the whole set in one genus would be necessary. It is for this 
reason that I have proposed the present genus. 


Leaf anatomy as well as the structure of the lower leaf epidermis 
are consistent with the similarities exhibited by other organs. In cross- 
section the outer sheath of all bundles is seen to consist of large, rather 
thin-walled round cells, which appear to be active in photosynthesis. 
The inner sheath is well developed in the main veins, of which there are 
2-3 on each side of the midrib. Its cells show the characteristic 
U-shaped thickenings. The 5-6 secondary veins separating the main 
veins have but very poorly developed inner sheaths. The main veins 
are supported by strands of fibres, both above and below; the secondary 
bundles are accompanied by a few abaxial fibres only. The photo- 
synthetic tissue consists of thin-walled cells arranged radially around the 
bundlés, except where the secondary bundles touch the abaxial epi- 
dermis. Bulliform cells are well developed, bulging and forming slight 
ridges between adjacent veins. The lower epidermis consists mainly 
of large cells with prominent papillae, as in species of Dactyloctenium. 
Over the veins there are alternate rows of cells with silica bodies. The 
silica bodies, from above, are round to truncate elliptical, like a barrel 
seen in profile. The silica cells alternate with short cells; cork cells 
seem to be altogether missing. In this respect, too, Arthrochloa agrees 
with Dactyloctenium and Acrachne as well as with some species of 
Eleusine and Eragrostis. 
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REVIEWS 


Zygnemaceae. By Dr. M. S. RANDHAWA, D.SC., F.N.L., J.C.S. (Indian 
Council of Agricultural Research, New Delhi), 1959. Pp. 478. 
Illustrations 577 and Maps A-K. Price Sh. 50 or Rs. 26. 


The publication of the first of the series of Monographs on Algae 
under the aegis of the Indian Council of Agricultural Research marks 
an important landmark in Algal studies in this country. Algology 
made rapid progress in our country during the last four decades due to 
the activities of research workers in some universities, the Botanical 
Survey of India and elsewhere. Dr. Randhawa himself has been 
making a sustained study of the Zygnemaceae since 1934 and con- 
tributing towards our knowledge of this family, in spite of his admin- 
istrative duties. Dr. Randhawa states that though he had originally 
intended to cover in the monograph only the specfes recorded from 
India, he later made it more comprehensive in order to indicate the 
species yet to be discovered in this country. Such a systematic compila- 
tion by one who is well acquainted with these plants should be welcomed. 


Dr. Randhawa treats the subject under the following chapter 
headings after giving an historical introduction of 18 pages: (1) Classi- 
fication, families, subfamilies and genera; (2) Evolution and affinities; 
(3) Occurrence and distribution; (4) Structure of the cell; (5) Re- 
production; (6) Characters used in the identification of the species; 
(7-19) One chapter each for the following 13 genera: Mougeotiopsis, 
Debarya, Mougeotia, Temnogametum, Hallasia, Zygnemopsis, Zygnema, 
Pleurodiscus, Zygogonium, Entransia, Spirogyra, Sirogonium and Siro- 
cladium. A short list of references and a bibliography covering 35 
pages are given at the end of sixth and last chapters respectively. 


The author recognizes four subfamilies in Zygnemaceae,  viz., 
Mougeotioideae, Zygnemoideae, Spirogyroideae and Sirocladioideae, 
basing the division on the nature of the chloroplast and considers the 
last mentioned as the most evolved. 


In all, 580 species belonging to the 13 genera have been described, 
of which 174 species belonging to 9 genera are reported from India 
so far. Species belonging to the genera Mougeotiopsis, Hallasia, Pleuro- 
discus and Entransia have yet to be discovered from this country. Keys 
for the identification of species have been largely adopted from the 
works of Czurda, Kolkwitz and Krieger and Transeau to whom the 
author acknowledges his indebtedness. Maps showing the gross world 
distribution of the hitherto reported species have also been given. 
Figures have been well drawn and reproduced, but the inclusion of 
magnifications would have greatly enhanced their value. 
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In recent years Godward has made some outstanding contributions 
to the cytology and cytotaxonomy of Spirogyra. Her recent discovery 
of meiosis in two or three-day old zygotes of S. crassa is a very significant 
one, as it has shattered the long-established belief that a prolonged 
resting period is an essential precondition to meiosis. Dr. Randhawa 
discusses some aspects of cytology of Spirogyra, but makes no mention 
at all of these important contributions. 


The wealth and diversity of material available in this country, 
as indicated in the monograph under review, should stimulate further 
systematic researches as well as cytological and cytotaxonomic investiga- 
tions along contemporary lines in order to determine the validity of 
species established on purely morphological grounds. This book 
will prove very useful as a standard work of reference to all advanced 
students of Botany and research workers in Algology. 


C. S. PRAKASA RAO. 


at 
The Biology of Mycorrhiza. By J. L. Harley, [Leonard Hill (Books) 
Ltd., Londonf[; 1959, Pp. 233, Price Sh. 55. 


In the past, Bernard, Burgeff, Melin, Rayner and several others 
have investigated some of the intriguing problems posed by mycorrhiza. 
They have also written excellent reviews on the subject. Harley’s 
recent book is yet another addition to the literature in this field. 


The volume is one of anew series of Plant Science Monographs 
being edited by Professor Nicholas Polunin and is divided into three 
parts: Part I devoted to general considerations, Part II to ecto- 
trophic mycorrhizas and Part III to endotrophic mycorrhizas. There 
is, in addition, a bibliography, a subject index and an author index. 


After a brief survey of past work on the subject, occurrence of 
mycorrhiza is discussed in the light of recent work on rhizosphere 
microflora and the related problem of the classification of soil fungi 
associated with roots of higher plants. There is no doubt that this 
is a good approach to the study of mycorrhiza, but it is rather surprising 
that some of the important Indian work on rhizosphere microflora 
in relation to root exudates is not mentioned. There is certainly scope 
for speculation on the origin of the mycorrhizal habit, but one may 
not agree that “the evolution of the root inhabiting relationship has 
culminated in the mycorrhizal association in which a state of true 
symbiosis has been achieved”. As the author has emphasized, we 
need to know more about the physiology of the fungi involved in 
mycorrhizal association, of the physiology of the “host” plants, and 
also of the physiology of the relationship itself. Dr. Harley has tried 
to bring together almost all the information available in this field ‘as 
may be seen from the excellent bibliography. 
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The ectotrophic mycorrhizas are discussed in detail and evidence 
is presented to show that trees are benefited in mycorrhizal symbiosis. 
It is pointed out that the fungus sheath in ectotrophic mycorrhizas 
helps in absorption of nutrients (e.g., phosphorus, nitrogen) from the 
soil and transmitting these to the “host”. Dr. Harley’s own work in 
this field is a notable contribution to the subject. He does not feel 
fully convinced of Bjorkman’s observation that infection by mycorrhizal 
fungi may be directly correlated with carbohydrate levels in roots. 
He says: “The prime difficulty of this thesis is the absence of an 
explanation of how the presence of free sugar in the tissues is perceived 
by the fungal mycelia or fungal spores in the soil.” One possible 
answer to this argument is that it is now definitely known that pine 
roots exude various organic substances including sugars (glucose and 
arabinose), a large number of different amino-acids, and large quantities 
of organic acids. These exudates would greatly influence mycorrhizal 
relationships. 


With reference to the physiology of endotrophic mycorrhizas 
too, the information available is reviewed and it is suggested that at 
least in the case of orchid mycorrhizas, the fungal hyphae may be able 
to absorb and translocate inorganic compounds in the same way as 
ectotrophic mycorrhizas, although the author himself admits that no 
experimental data are yet available to support this idea. Nitrogen 
fixation by the endophytes of the Ericaceae is referred to and it is pointed 
out that, notwithstanding the claims made by Rayner, further proof 
is needed before nitrogen fixation can be accepted as a possibility. 
However, since there is wide variation in physiological behaviour amongst 
fungi forming mycorrhiza, it would be worthwhile investigating a large 
number of forms critically. 


It is clear that there are many aspects of the physiology of mycor- 
rhiza which need thorough study. It might be feasible, and is desirable, 
to classify the fungi as obligate mycorrhiza-formers and facultative 
mycorrhiza-formers. The tendency to behave as a vigorous root para- 
site or a weak root parasite or a mycorrhiza-former is seen in forms 
such as Armillaria mellea and Pythium. What might be the significance 
of this? Workers on mycorrhiza have to take into account the twin 
aspects of the physiology of the fungus and the physiology of the “host”. 
For instance, in any study of ectotrophic mycorrhizas consideration 
should be given not only to what the “host” derives from the fungus 
but also what the fungus derives from the “host”. In most investiga- 
tions reported, one or the other, but rarely both, aspects have been 
studied by the same investigator. The available evidence suggests 
that several of the obligate mycorrhizal fungi are heterotrophic to 
various growth factors, but this may not be true for facultative mycor- 
rhizal fungi. Thus, the study of the substrate relationships of these 
fungi is extremely important. This is a theme worth investigating and 
this problem is closely linked up with problems of the ecology and life- 
cycles of the fungi concerned. 
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The book contains a wealth of valuable information and the 
reviewer therefore commends it for careful reading by everyone interested 
in the subject, but in doing so would also like to plead for clear and 
simple writing by the author when another edition is brought out. 
It is regrettable that the scientific terminology and the diction of 
the author throughout the text of this volume are such as to leave the 
reader confused. For example, one is surprised to find in the text 
statements or expressions such as the following: “the fundamental 
role of nitrogenous substances in the growth of most plants and the 
independence of Leguminosae in the matter of such substances....” 
(p. 5); “it is only under experimental conditions that roots remain 
uninfluenced by micro-organisms” (p. 6); “rhizosphere inocula” (p. 8); 
“pattern arrangement of soil micro-organisms” (p. 9); “‘indeterminate 
fungi” (p. 11); “sterile flax plants” (p. 17) (flax plants grown under 
aseptic conditions !); “rooting media of plants” (p. 17); “quantitative 
numerical estimates” (p. 43); “the relative poverty of available mineral 
salts determined the prevalence of mycorrhizas....” (p. 43); “photo- 
synthetically produced carbohydrate content of the roots” (p. 64); 
“a high sugar root” (p. 64); “fungal culture-medium” (p. 66); “physi- 
cal increase of area” (p. 82); “the linkage of salt absorption with....” 
(p. 91); “rate-limited by....” (p. 94); “‘selectivity. of mycorrhizal 
roots” (p. 97); ‘“‘spore-borne infection” (p. 109) (for “infection by 
spores !”); “root secretions of Melin and Das” (p. 109); “rooting 
region of the host plant” (p. 109); “Freisleben....synthesized mycor- 
rhizas....” (p. 131) (one wonders if the author means this !); 
“asymbiotic germination” (p. 139 and elsewhere) (germination in the 
absence of the fungus?); ‘“‘poor soils” (p. 139) (poor in what WE 
“P. uniflora did not germinate aseptically” (p. 140); “saprophytic 
absorption” (p. 143); “radial seedlings....capable of germinating” 
(p. 145) (germination of seedlings ?); “seeds fail to grow” (p. 158); 
“germination and growth of seeds” (p. 160); “only nicotinic acid 
had a very great effect on growth and development” (p. 162) (why 
not state what the effect was?); “uninfected germination” (p. 165); 
“irrigated with salt solution” (p. 168) (what is salt solution ?) ; “primary 
absorption”, “ash absorption” (p. 170) (what are these ?); “infective 
organisms” (p. 196); “active mycelium”, “active hyphae” (p. 197); 
“mycelial organs, including sporangia, oogonia” (p. 201); “absorptive 
physiology of the external mycelium” (p. 202)...., etc. A large number 
of these examples are cited here to indicate the need to avoid such 
clumsy and unnecessary expressions at least in a future edition of the 
book. There are also a few wrong statements in the text such as the 
one on p. 166 where gibberellic acid is referred to as a “wilting sub- 
stance”. The repeated use of the words “mycorrhizas”, “mycorrhizal 
roots” and “mycorrhizal organs” does not indicate as to what.is the 
distinction between them. The term mycorrhiza is often used with 
reference to the fungus alone, although by definition it should refer 
to the fungus and the root combined, There are a number of printing 
errors in the text which could have been avoided. The price (55 shillings) 
is too high. 


C. V. SUBRAMANIAN. 
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J. geol. Soc. India, I: 1-166, 1959, Editor: L. Rama Rao 


We have much pleasure in welcoming the First Volume of the 
Journal of the Geological Society of India for the year 1959. 
It is edited by our eminent Geologist, Prof. L. Rama Rao of Bangalore 
and priced Rs. 15. The Council of the Society includes among others 
very distinguished geologists headed by Dr. D. N. Wadia, F.R.S., and 
Profs. M. S. Krishnan and W. D. West. Articles on a wide variety 
of subjects including Palaeobotany form the subject-matter of the present 
volume. It is hoped that its representative nature would continue. 
The first volume is neatly printed and botanists of India would, I am 
sure, extend their greetings to the Geological Society of India on the 
inauguration of their Journal. 


EDITOR. 


AMERICAN INSTITUTE OF BIOLOGICAL 
SCIENCES—TRANSLATION PROGRAM 


The American Institute of Biological Sciences is currently translating 
and publishing seven Russian research journals in biology. These 
journals are translated with support from the National Science Founda- 
tion, which is eager that such information be more widely distributed 
to biologists throughout the world. It is hoped that this material will 
aid biologists in research, prevent duplication of work, give some idea 
of the work being done by Soviet scientists in the field of biology, and 
also bring about a better international understanding among scientists. 


Because of the support of the National Science Foundation, the 
AIBS can offer these translations at a fraction of their publication cost, 
with even further price reduction to AIBS members and to academic 
and non-profit libraries. This reduction, the AIBS feels, places the 
translation within the reach of all biologists. 


The journals currently being translated are: Doklady: Biological 
Sciences Section; Doklady: Botanical Sciences Section: Doklady: 
Biochemistry Section; Plant Physiology; Microbiology; Soviet Soil 
Science; and Entomological Review. 


In addition to its program of Russian Biological Journal transla- 
tions, the AIBS has instituted a separate program of translation and 
publication of selected Russian monographs in biology. 


It was felt that the program of journal translations was not sufficient 
to cover all of the significant work being done in all fields of biology 
by Russian scientists. With the aid of competent authorities, the 
AIBS has translated and published six Russian monographs and one 
monograph is in the process of being published. In addition, several 
prominent monographs in various biological areas are being considered 
by the AIBS and the National Science Foundation for translation and 
publication. The monographs that have been published are: Origins 
of Angiospermous Plants by A. L. Takhtajan; Problems in the Clas- 
sification of Antagonists of Actinomycetes by G. F. Gauze; Marine 
Biology, Trudi Institute of Oceanology, Vol. XX, edited by B. N. Nikitin ; 
Arachnoidea by A. A. Zakhvatkin; and Arachnida by B. I. Pomerantzev. 
The Manuscript for Plants and X-rays by L. P. Breslavets is in the final 
stages of preparation and should be published early in 1960. 


Additional information pertaining to this program may be obtained 
by writing to the American Institute’ of Biological Sciences, 2000 P 
Street, N.W., Washington 6, D.C., U.S.A. 


